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A selection method for selecting from a population of cells one or more selectable genetically transformed cells is described. In the 
method, the population of cells comprises selectable genetically transformed cells and possible non-transformed ceils. Each of the selectable 
genetically transformed cells comprises a first expressable nucleotide sequence and optionally a second expressable nucleotide sequence. - 
In the method, a component or a metabolic derivative thereof when present in a low concentration in a medium is a nutrient for both the 
selectable genetically transformed cells and the non-transfomied cells. In the method, the component or the metabolic derivative thereof 
when present in a high concentration in a medium is toxic to the non-transformed cells. The first nucleotide sequence codes for a gene 
product capable of converting the component or the metabolic derivative thereof when present in a high concentration in a medium to a 
nutrient for the selectable genetically transformed cells. The method comprises the step of introducing the population of cells to a medium, 
wherein the medium optionally comprises a high concentration of the component or the metabolic derivative thereof. In the method, the 
component or the metabolic derivative thereof is a source of both carbohydrate and nitrogen for the selectable genetically transformed cells. 
Altematively, in the method if a portion of the component serves as a metabolic substrate and is metabolically converted to a derivatised 
substrate, then that derivatised substrate is capable of providing an allosteric effect on the gene product. 
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SELECTION METHOD FOR TRANSGENIC PLANTS 

The present invention relates to a selection method. 

5 The present invention also relates to an enzyme and a nucleotide sequence coding for same that 
are useful in a selection method. 

In particular, the present invention relates to a method for the selection (e.g. identification 
and/or separation) of genetically transformed cells and compounds and genetic material for use 
10 in the method. 

It is well known that when a nucleotide sequence of interest ("NOI") is to be introduced into a 
population of cells by transformation, only a certain number of the cells are successfully 
transformed, i.e. receive the NOI. It is then necessary to identify the genetically transformed 
15 cells so that these cells may be separated fi-om the non-transformed cells in the population. 

A common technique for a selection method includes introducing transformed cells and non- 
transformed cells into a medium that comprises a substance which the transformed cells are able 
to tolerate. In that medium the transformed cells are able to survive and grow, while the non- 
20 transformed cells are prone to growth inhibition and, in some cases, are killed. 

To date, if a population of plant cells has been subjected to genetic transformation, selection of 
the transformed cells typically takes place using a selection gene which codes for antibiotic 
resistance or herbicide resistance. The selection gene is coupled to or co-introduced with the 
25 NOI to be incorporated into the plant in question, so that both of the two genes are 
incorporated into some or all of the population of cells. 

As not all of the cells may have been transformed, the cells are then cultivated on or in a 
medium containing the respective antibiotic or herbicide to which the genetically transformed 
30 cells are resistant by virtue of the selection gene. In this medium, the transformed cells are able 
to grow and thus be identified out of the total cell population, since the non-transformed cells - 
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which do not contain the antibiotic or herbicide resistance gene in question - have an inhibited 
growth or even are killed. 

These selection methods which rely on the use of antibiotics or herbicides suffer from a number 
of disadvantages. For example, there is concern amongst some people, such as environmental 
groups and governmental authorities, as to whether it is environmentally safe to incorporate 
genes coding for antibiotic resistance and/or herbicide resistance into plants and micro- 
organisms. This concern is of particular significance for food plants and for micro-organisms 
which are not designed and/or intended to be' used in a closed environment (e.g. micro- 
organisms for use in agriculture), and also for micro-organisms which are designed for use in a 
closed environment but which may be released from the closed environment. While these 
concerns may prove to be unfounded, each concern may nevertheless lead to governmental 
restrictions on the use of antibiotic resistance genes and/or herbicide resistance genes in e.g. 
plants. 

It is therefore desirable to develop new methods for selecting genetically transformed cells or 
organisms (or parts thereof) comprising such. 

According to a first aspect of the present invention there is provided a seleaion method for 
20 selecting from a population of ceUs one or more selectable genetically transformed cells, 
wherein the population of cells comprises selectable genetically transformed cells and possible 
non-transformed cells; wherein each of the selectable genetically transformed cells comprises a 
first expressabie nucleotide sequence and optionally a second expressable nucleotide sequence; 
wherein a component or a metabolic derivative thereof when present in a low concentration in a 
25 medium is a nutrient for both the selectable genetically transformed cells and the non- 
transformed cells; wherein the component or the metabolic derivative thereof when present in a 
high concentration in a medium is toxic to the non-transformed cells; wherein the first 
nucleotide sequence codes for a gene produa capable of converting the component or the 
metabolic derivative thereof when present in a high concentration in a medium to a nutrient for 
30 the selectable genetically transformed cells; the method comprising the step of introducing the 
population of cells to a medium, wherein the medium optionally comprises a high concentration 
of the component or the metabolic deriviative thereof; and either wherein the component or the 
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metabolic derivative thereof is a source of both carbohydrate and nitrogen for the selectable 
genetically transformed cells; or wherein if a portion of the component serves as a metabolic 
substrate and is metabolically converted to a derivatised substrate, then that derivatised 
substrate is capable of providing an allosteric effect on the gene product. 

According to a second aspect of the present invention there is provided a composition 
comprising a population of cells comprising selectable genetically transformed cells and possible 
non-transformed cells; and a medium; wherein each of the selectable genetically transformed 
cells comprises a first expressable nucleotide sequence and optionally a second expressable 
nucleotide sequence; wherein a component or a metabolic derivative thereof when present in a 
low concentration in a medium is a nutrient for both the selectable genetically transformed cells 
and the non-transformed cells; wherein the component or the metabolic derivative thereof when 
present in a high concentration in a medium is toxic to the non-transformed cells; wherein the 
first nucleotide sequence codes for a gene produa capable of converting the component or the 
metabolic derivative thereof when present in a high concentration in a medium to a nutrient for 
the selectable genetically transformed cells; the medium optionally comprising a high 
concentration of the component or the metabolic derivative thereof; and either wherein the 
component or the metabolic derivative thereof is a source of both carbohydrate and nitrogen 
for the selectable genetically transformed cells; or wherein if a portion of the component serves 
as a metabolic substrate and is metabolically converted to a derivatised substrate, then that 
derivatised substrate is capable of providing an allosteric effect on the gene product. 

According to a third aspect of the present invention there is provided a population of cells 
comprising selectable geneticaUy transformed cells and possible non-transformed ceUs; wherein 
each of the selectable genetically transformed cells comprises a first expressable nucleotide 
sequence and optionally a second expressable nucleotide sequence; wherein a component or a 
metabolic derivative thereof when present in a low concentration in a medium is a nutrient for 
both the selectable genetically transfomied ceUs and the non-transformed cells; wherein the 
component or, the metabolic derivative thereof when present in a high concentration in a 
medium is toxic to the non-transformed cells; wherein the first nucleotide sequence codes for a 
gene product capable of converting the component or the metabolic derivative thereof when 
present in a high concentration in a medium to a nutrient for the selectable genetically 
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.ramfonned ceUs; ami eirter wherein .he component or ,he metabolic derivative thereof is a 
«>urce of both catbohydrate and nitrogen for the selectable genetically tranrfonned cells or 
wherem tf-a portion of the component setves as a metabolic substrate and is metabolicaUy 
converted to a derivatised substrate, then that derivatised substrate is capable of providing an 
allostenc effect on the gene product. 

According to a fourth aspect of the present invention there is provided a selectable genetically 
transfomted cell comprising a first expressable nucleotide se,,uence and optionally a second 
expressable nucleotide sequence; wherein a component or a metabolic denvative thereof when 
present m a low concentration in a medium is a nutrient for the selectable genetically 
transfon^ed cell and a non-trat,sformed ceL; wherein the component or the metabolic derivative 
thereof when present in a high concentration in a medium is toxic to a non-transformed cell 
wherem the first nucleotide sequence codes for a gene produa capable of converting the 
component or the metabolic derivative thereof when present in a high concentration in a 
medium to a nutrient for the selectable genetically transformed cell; and either wherein the 
component or the metabolic derivative thereof is a source of both carbohydrate and nitrogen 
for the seleaable genetically transfotmed cell; or wherein if a portion of the component serves 
as a metabohc substrate and is mctabolically convened to a derivatised substrate then that 
denvatised substrate is capable of providing an allosteric effect on the gene produa. 

According to a fifth aspect of the present invention there is provided a construa for genetically 
transfonnmg a non-tramformed cell to produce a selectable genetically transformed cell the 
constnrct comprising a first expressable nucleotide sequence and optionally a second 
expressable nucleotide sequence; wherein a component or a metabolic derivative thereof when 
present m a low concentration in a medium is a nutrient for the selectable genetically 
tntnrformed ceU and a non-transfomted ceU; wherein the component or the metabolic derivative 
thereof When presem in a high concentration in a medium is toxic to a non-transformed cell 
wheretn the fi« nucleotide sequence codes for a gene product capable of converting the 
component or the metaboUc derivative Aereof when present i„ a Wgh concentration m a 
medmm to a nutrient for the selectable genetically transformed cell; and either wherein the 
component or the metabolic derivative thereof is a source of both carbohydrate and nitrogen 
for the selectable genetic^ly .r^sformed cell; or wherein if a po„ion of the component serves 
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as a metabolic substrate and is metabolically converted to a derivatised substrate, then that 
derivatised substrate is capable of providing an allosteric effect on the gene product. 

According to a sixth aspect of the present invention there is provided a vector comprising a 
construct for genetically transforming a non-transformed cell to produce a selectable genetically 
transformed cell; the construct comprising a first expressable nucleotide sequence and 
optionally a second expressable nucleotide sequence; wherein a component or a metabolic 
derivative thereof when present in a low concentration in a medium is a nutrient for the 
selectable genetically transformed cell and a non-transformed cell; wherein the component or 
the metabolic derivative thereof when present in a high concentration in a medium is toxic to a 
non-transformed cell; wherein the first nucleotide sequence codes for a gene produa capable of 
converting the component or the metabolic derivative thereof when present in a high 
concentration in a medium to a nutrient for the selectable genetically transformed cell; and 
either wherein the component or the metabolic derivative thereof is a source of both 
carbohydrate and nitrogen for the selectable genetically transformed cell; or wherein if a portion 
of the component serves as a metabolic substrate and is metabolically converted to a derivatised 
substrate, then that derivatised substrate is capable of providing an allosteric effect on the gene 
product. 



20 According to a seventh aspect of the present invention there is provided a plasmid comprising a 
construct for genetically transforming a non-transformed cell to produce a selectable genetically 
transformed cell; the construct comprising a first expressable nucleotide sequence and 
optionally a second expressable nucleotide sequence; wherein a component or a metabolic 
derivative thereof when present in a low concentration in a medium is a nutrient for the 

25 selectable genetically transformed ceU and a non-transformed ceU; wherein the component or 
the metabolic derivative thereof when present in a high concentration in a medium is toxic to a 
non-transformed cell; wherein the first nucleotide sequence codes for a gene product capable of 
converting the component or the metabolic derivative thereof when present in a high 
concentratian.,in a medium to a nutrient for the selectable genetically transformed cell; and 

30 either wherein the component or the metabolic derivative thereof is a source of both 
carbohydrate and nitrogen for the selectable genetically transformed ceU; or wherein if a portion 
of the component serves as a metabolic substrate and is metabolically converted to a denvatised 
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substrate, then that derivatised substrate is capable of providing an allosteric effect on the gene 
produa. 

According ,o an eighth aspea of the present invention there is ptovided an organism 
comp,«n,g a selectable genetically transfonned cell; wherein .he seleaabie genetically 
ttansfotrod ceU comprises a first expressable nucleotide sequence and optionaUy a second 
expressable nucleotide sequence; wherein a component or a metabolic derivative thereof when 
present m a low concentration in a medium is a nutrient for A. selectable genetically 
transformed ceU and a non-transfotmed cell; whefein the component or the metabolic derivative 
thereof when present in a high concentradon in a medium is toxic to a non-transfonned cell 
wherem ,he first nucleotide sequence codes for a gene produa capable of convening the 
component or the metabolic derivaUve dtereof when present in a high concentration in a 
medtum to a nutrient for the selectable genetically transfonned cell; and either wherein the 
component or the metabolic derivative thereof is a source of both carbohydrate and mtrogen 
for the seleaabie genetically transfonned cell; or wherein if a ponion of the component serves 
as a metabolic substrate and is metabolically converted to a derivatised substrate, then that 
denvaused substrate is capable of providing an allosteric effect on the gene produa. 

According to a ninth aspea of the present invention there is provided a kit compnsing a 
constnta (such as when contained within or on a veaor or in a plasmid) for geneucally 
transfomtmg a non-n^nsformed cell to produce a seleaabie genetically transfonned ceU and a 
medtum; the constnta comprising a first expressable nucleotide sequence and optionally a 
second expressable nucleotide sequence; wherein a component or a meutbolic derivative 
thereof when present in a low concentration in a medium is a nutriem for the seleaabie 
geneucally transfonned ceU and a «>„-,ransfonr^ ceU; wherein the component or the 
metabohc derivative thereof when present in a high concentration in a medium is toxic to a non- 
transfonned cell; wherein dte first nucleotide sequence codes for a gene produa capable of 
convertmg the component or Ae metabolic derivative thereof when present in a high 
concentration in a medium to a nutrient for the seleaabie genetically transfonned cell the 
medtum opdonally comprising a Hgh concentradon of the component or the metaboUc 
denvative thereof, and either wherein the component or the metabolic denvative thereof is a 
source of both carbohydrate and nitrogen for the seleaabie genaically transfonned cell; or 
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wherein if a portion of the component serves as a metabolic substrate and is metabolically 
converted to a derivatised substrate, then that derivatised substrate is capable of providing an 
allosteric effect on the gene product. 

According to a tenth aspect of the present invention there is provided a plant or plant cell 
prepared from or comprising the above-mentioned aspects of the present invention. 

According to an eleventh aspect of the present invention there is provided a plant or plant cell 
comprising a heterologous enzyme and/or nucleotide sequence encoding same, wherein the 
heterologous enzyme is glucosamine-6-phosphate deaminase. 

This aspect of the present invention is very advantageous. In this regard, not only does the 
enzyme itself act as a selection means for some transformed cells (for example potato cells) but 
furthermore it beneficially affects the mobilisation of glycoproteins during conditions of limited 
nitrogen availability. An example of the latter advantageous aspect is the mobilisation of seed 
glycoproteins in germinating leguminous seedlings before they have established their symbiotic 
relationship with micro-organsims (e.g. bacterium) that are capable of fixing atmospheric 
nitrogen. In this case, the glycoproteins would for example be converted to N-acteyl- 
glucosamine and then into glucosamine-6-phosphate, which would then be converted to 
fiiictose-6-phosphate by the glucosamine-6-phosphate deaminase. 

According to a twelfth aspect of the present invention there is provided a foodstuff or food 
prepared from or comprising the above-mentioned aspects according to the present invention. 

In each aspect of the present invention, the metabolic substrate is preferably metabolically 
converted to a derivatised substrate by the transformed cell. 

If component or the metabolic derivative thereof is present in the medium then the component 
or the metabolic derivative thereof is present in an amount that does not detrimentally affect a 
major proportion of the transformed cells. 
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Preferably, if component or the metaboUc derivative thereof is present in the medium then the 
component or the metaboUc derivative thereof is present in an amount that does not 
detnmentaUy affect substantially most of the transformed cells. 

5 More preferably, if a component or the metabolic derivative thereof is present in the medium 
then the component or the metabolic derivative thereof is present in an amount that does not 
detnmentaUy affect substantiaUy all of the transfomied cells. 

In one embodiment of the present invention the medium comprises a high concentration of the 
) component or the metabolic derivative thereof 

However, in an alternative embodiment the medium does not necessarily have to compnse a 
high concentration of the component or the metabolic derivative thereof 
In a further aspect, we have even surprisingly found that in some cases the medium need not 
contam any added quantities of the component or the metaboUc derivative according to the 
present invention. By way of example, this surprising finding was observed in transgenic potato 
plants according to the present invention wherein those plants comprise ceUs containing the 
nasB gene (as discussed herein). In this regard, it is believed that the levels of glucosamine 
and/or gIucosamine-6-phosphate already present (including the endogeneous levels) were 
suffiaently high as a result of exposure of the plants to the particular culture medium that was 
used such that the transformed potato ceUs could metaboUse any endogenous glucosamme-6- 
phosphate whereas in the wUd type plants the levels of endogenous glucosamine-6.phosphate 
were sufficiently toxic so as to destroy their viability. 

Thus, other aspects of the present invention include: 

The use of glucosamine-6-phosphate deaminase as a selection means for selecting a 
genetically transformed cell over a non-transformed cell. 

The use of a gene codmg for glucosamine-6-phosphate deaminase for providing a 
selection means for selecting a genetically transformed cell over a non-transformed ceU. 
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A gene for providing a selection means for seleaing a genetically transformed cell over 
a non-transformed cell; wherein the gene is obtainable from NCIMB 40852 or NCIMB 40853 
or NCIMB 40854. 

5 The use of a gene obtainable from NCIMB 40852 or NCIMB 40853 or NCIMB 40854 

for providing a selection means for selecting a genetically transformed cell over a non- 
transformed cell. 

NCIMB 40852 or NCIMB 40853 or NCIMB 40854. 

10 

Additional aspects of the present invention include: 

A process of inactivating a gene or gene product that is potentially detrimental to a 
prokaryote when present in the prokaryote by the insertion of at least one intron into the gene 
15 (in particular into the coding portion) thereby inactivating the gene or the gene product vis-a- 
vis the prokaryote. 

A prokaryote comprising a gene that would have been potentially detrimental to a 
prokaryote when present in the prokaryote, but wherein the gene comprises at least one intron 
20 which inactivates the gene or the product thereof in the prokaryote - in particular wherein the 
intron is present within a coding portion of the gene. 

With these additional aspects of the present invention, preferably the at least one intron is 
inserted into a conserved region of the gene, preferably a conserved region within a coding 
25 region. 

The enzyme glucosamine-6-phosphate deaminase can also be called 2-amino-2-deoxy-D- 
glucose-6-phosphate ketol isomerase (deaminating). This enzyme has the enzyme commission 
number EC 5,3.1.10. 

30 
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In the above aspects, the phrase "... for selecting a geneticaUy transformed ceU over a non- 
transformed cell ..." can be alternatively expressed as - for example "... for selecting a 
genetically transformed cell from one or more non-transfomied ceUs 

Thus, according to one aspect of the present invention there is provided a selection system for 
selecting at least one genetically transformed cell from a population of ceUs in a medium, 
wherein the at least one genetically transformed ceU is transformed with a nucleotide sequence 
which encodes a gene produa capable of converting a component present in the medium at a 
level that is toxic to non-transformed cells into a nutrient for the at least one transformed ceU; 
wherein said component provides a source of nitrogen and carbohydrate for the transformed 
ceU and/or wherein said component serves as a metaboUc substrate, at least one metaboUte of 
which has an allosteric effect on the gene product. The present invention also provides 
enzymes and nucleotides useful in that system. 

Preferably the component or the metabolic derivative thereof is a source of both carbohydrate 
and nitrogen for the selectable genetically transfomied ceU(s); and wherein if a ponion of the 
component serves as a metabolic substrate and is metaboUcally converted to a deiivatised 
substrate, then that derivatised substrate is capable of providing an allosteric effect on the gene 
product. 

Preferably the component is capable of fiir^shing to the selectable genetically transfonned 
ceU(s) a source of both caitohydrate and nitrogen. 

Preferably the component or the metabolic derivative thereof comprises an amine group. 
Preferably the component is glucosamine. 

Preferably the metabolic derivative of the component that is toxic to the non-transformed ceUs 
compnses a phosphate group and/or is fomied by phosphate groups that would othenvise be 
beneficrally utilised by a wild type ceU. Alternatively or in addition, the metaboUc derivative of 
the component that is toxic to the non-transformed cells is responsible for sequestration of 
phosphate groups that would otherwise be beneficially utilised by a wild type ceU. 
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Preferably the metabolic derivative of the component that is toxic to the non-transformed ceUs 
comprises an amine group. 

Preferably the metaboUc derivative of the component that is toxic to the non-transformed ceUs 
is capable of furnishing to the selectable genetically transformed ceU(s) a source of both 
carbohydrate and nitrogen. 

Preferably the metabolic derivative of the component that is toxic to the non-transformed cells 
is glucosamine-6-phosphate. 

Preferably the derivatised substrate comprises an amine group and/or a phosphate group. 
Preferably the derivatised substrate is N-acetyl-glucosamine-6-phosphate. 



an mtron. 



Preferably the first nucleotide sequence comprises 
Preferably the gene product is an enzyme. 

Preferably the enzyme is capable of modifying a glycoprotein precursor. 
Preferably the enzyme is capable of deaminating a glycoprotein precursor. 
Preferably the enzyme is gIucosamine-6-phosphate deaminase. 

Preferably the enzyme is glucosamine-6-phosphate deaminase obtainable from a micro- 
organism. 

Preferably the enzyme is glucosamine-6-phosphate deaminase obtainable from a baaerium. 
Preferably the enzyme is glucosamine-6-phosphate deaminase obtainable from E. Coir 
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Preferably the enzyme glucosamine-6-phosphate deaminase has the amino acid sequence shown 
as SEQ ID No. 3 or is a variant, homologue or fragment thereof. 

Preferably the enzyme glucosamine-6-phosphate deaminase is encoded by either the nucleotide 
5 sequence shown as SEQ ID No. I or a variant, homologue or fragment thereof or a sequence 
that is complementary to a sequence that hybridises thereto, or the nucleotide sequence shown 
as SEQ ID No. 2 or a variant, homologue or fragment thereof or a sequence that is 
complementary to a sequence that hybridises thereto. 

10 Preferably the glucosamine-6-phosphate deaminase or the gene encoding same is obtainable 
from NCIMB 40852 or NCIMB 40853 or NCIMB 40854. 

Preferably the selectable genetically transformed cell/cells is/are either in vitro within a culture 
or in vivo within an organism. 

15 

Preferably the selectable genetically transformed cell/cells is/are selectable genetically 
transformed plant cell/cells. 

Preferably the second nucleotide sequence is present and wherein the second nucleotide 
20 sequence codes for a nucleotide sequence of interest. 

Preferably the plant is capable of providing a foodstuflF to humans or animals. 

Preferably the plant (or part thereof, including cells thereoO is a monocot or a dicot (including 
25 legumes). 

Preferably the plant (or part thereof, including cells thereof) is any one of guar, potato or maize. 

The present invention therefore provides a method for seleaing genetically transformed cells - 
30 such as cells into which a nucleotide sequence of interest ("NOI") has been incorporated - by 
providing the transformed ceUs with a selective advantage. 
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The method of the present invention is not dependent on the preparation of genetically 
transformed plants containing as a seleaion means a nucleotide sequence coding for antibiotic 
or herbicide resistance. Nevertheless, the method of the present invention can be used in 
conjunction with those earlier seleaion methods should the need arise - if for example it is 
desirable to prepare cells that have been or are to be transformed with a number of NOIs. 

Also, the selection method of the present invention can be used in conjunction with one or 
more other known selection methods, such as those that are described in WO 93/05163 (the 
contents of which are incorporated herein by reference) and/or WO 94/20627 (the contents of 
which are incorporated herein by reference), should the need arise - if for example it is desirable 
to prepare cells that have been transformed with a number of NOIs. 

In addition, the seleaion method of the present invention can be used in conjunaion with one 
or more other seleaion methods according to the present invention should the need arise - if for 
example it is desirable to prepare cells that have been transformed with a number of NOIs. 

A further beneScial use of a combination of seleaion methods according to the present 
invention results in a very eflScient multiple screening technique. As indicated above, the 
presence of the component or the metabolic derivative thereof in the medium is an optional 
feature. Moreover, in some cases, it may not be necessary to add the component or the 
metabolic derivative thereof to the medium. Both of these aspeas of the present invention 
could be used in a combined seleaion process that comprises two screening steps. 
In this regard, and by way of example, the medium in the first screen utilising the seleaion 
method of the present invention would not contain added amounts of the component or the 
metabolic derivative thereof With this first screen, seleaable transformed cells are seleaed 
over at least the majority of the non-transformed cells. Then should - for example - any non- 
transformed cells be accidentally be carried over in that first screen then a second screen can be 
earned out. In the second screen the seleaed population of cells are subjeaed to a second 
seleaion method according to the present invention but wherein the component or the 
metabolic derivative thereof is present in the medium, preferably in a high concentration. In the 
second screen, only the transformed cells would remain viable. 
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With this combined aspect of the present invention, the population of cells of the earUer aspects 
of the present invention can therefore be a pre-seleaed (e.g. pre-screened) population of ceUs 
wherem the population of ceUs has been prior selected by one or more selection methods, such 
as those accordmg to the present invention. 

This combined aspect of the present invenUon can be alternatively expressed as; a seleaion 
n«thod for selecting from a populadon of cells one or more selectable genetically transformed 
cells, wherem the population of cells compdses seleaable genetically transformed cells and 
possible non-transformed ceUs; wherein each 6t the seleaable genetically transfom,ed cells 
compnses a first expressable nucleotide sequence and optionally a second expressable 
nucleotide sequence; wherein a component or a metabolic derivative thereof when present in a 
low concentration in a medium is a nutrient for both the seleaable genetically transfon^ed celU 
and the non-transfomted cells; wherein the component orthe metabolic derivative thereof when 
present m a hgh concentration in a medium is toxic ,o the non-transfom,ed cells; wherein the 
first nucleotide sequence codes for a gene product capable of convening the component or the 
metaboic derivative thereof when present in a Wgh concentration in a medium to a nutrient for 
the seleaable genetically transformed cdls; and either wherein the component or the metabolic 
denvauve thereof is a source of both carbohyd^e and nitrogen for the seleaable genetic^ly 
transfonned cells; or wherem if a portion of the component serves as a metabolic substrate and 
.s metaboacally converted to a derivatised substrate, then that denvatised subs.„te is capable of 
provtdmg an *steric effect on the gene produa; the method compnsing the step of 
mtroducmg the population of cells to a medium and then seleaing at least a potion of the 
.ransfonned cells over the non-transformed celU; and subsequently mtroducing the at leas, 
portion Of the transformed cells to a medium that comprises a Wgh concentration of the 
component or the metabolic derivative thereof 



present im,en,ion also encompasses compositions and Icits usefol for this combined aspea 
of ti,e present - such as the gene or gene produa aca>rding to tite present inventio,^ a first 
medtum containing no component or metabolic derivative thereof and a second medium 
.0 compnsmg a high concentration of tite component or metabolic derivative thereof 
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Furthermore, the seleaion method of the present invention can be used in conjunaion with 
further selection methods wherein those further seleaion methods are a combination of one or 
more other selection methods according to the present invention and one or more known 
selection methods - such as those that are dependent on antibiotic or heAicide resistance and/or 
5 those that are disclosed in WO 93/05 1 63 and/or WO 94/20627. 

In the selection methods of WO 93/05163 and/or WO 94/20627, the n,ar^ gene from 
Escherichia coli, which encodes mamiose-6-phosphate isomerase (E.G. 5 3 2 8 ) was 
employed as a selectable marker. This selection marker is suitable for inter aUa the 
10 transformation oi Solanum tuberosum, conferring positive selection in the presence of 
mannose. In more detail, the coding region of mar^A was ligated into a CaMV 35S 
expression cassette, and introduced into a bina^^ vector for plant transformation mediated 
by Agrohacterium tumefaciens. To allow comparison of kanamycin selection w.th 
selection on mannose, the vector also contained a gene for kanamycin resistance nptll m 
15 order to identify transformants, the constmction also contained the ^-glucuronidase 
histochemical marker, uidA. Stable integration of the manA gene was shown by Southern 
blottmg. Extracts from plants transformed with this construct, and selected on mannose 
were shown to have specific activities for mannose-6-phosphate isomerase some f^ve 
hundred fold those of control plants. Expression of ^..^ in transformed cells relieved the 
20 metabolic paralysis, usually caused by mannose, while also allowing it to se^e as a source 
of carbohydrate for transfonnants. These effects combined to impose a stringent selection 
pressure m favour of transformed cells, which allowed the recovery of transfonnants with 
a very low frequency of escapes. The percentage of shoots which were shown to be 
transgenic after selection on mannose was approximately twice that of shoots selected on 
2. kanamycm. The transformants selected on mannose have proven to be stable over three 
generations of plants propagated from tubers. 

Hence, the population of ceUs of the earlier aspects of the present invention can therefore be a 
pre-selected (e.g.. pre-screened) population of cells, wherein the population of ceUs has been 
30 pnor selected by one or more selection methods according to the present invention and/or one 
or more other selection methods. 
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In addition, or in the alternative, the transformed cells selected by the selection method of the 
present invention can be subsequently subjected to one or more selection methods according to 
the present invention and/or one or more other selection methods. 

The present invention also provides an expression system that enables transformed cells to be 
selected by the selection method of the present invention. The expression system can be 
expressing or can be capable of expressing the first nucleotide sequence of the present 
invention. The expression system may be one or more of a vector, construct, plasmid, cell or 
organism. 

If a cell is also to be transformed with a NOI then the expression system will comprise that NOI 
- which NOI may be present on or in the same vector, construct, plasmid, cell or organism as 
the first nucleotide sequence. Alternatively the NOI may be present on or in a diflferent vector, 
construct, plasmid, cell or organism as the first nucleotide sequence. Preferably, the NOI is 
present on or in the same vector, construct, plasmid, cell or organism as the first nucleotide 
sequence. 

If a cell is to be transformed with one or more NOIs and one or more other genes for one or 
more other selection methods (such as another seleaion method according to the present 
invention and/or a known selection method) those other nucleotide sequences may be present 
on or in the same vector, construct, plasmid, cell or organism as the first nucleotide sequence. 
Alternatively one or more of those other nucleotide sequences may be present on or in a 
diflferent vector, construct, plasmid, cell or organism as the first nucleotide sequence. 
Preferably, those other nucleotide sequences are present on or in the same vector, construct, 
plasmid, cell or organism as the first nucleotide sequence. This allows for workers to easily 
prepare and easily select for cells that have been transformed with a number of NOIs etc 

The term "cells" is intended to refer to any type of cells from which individual genetically 
transfonned cells may be identified and isolated using the method of the invention. Examples 
of such cells include plant cells, animal cells and micro-organisms such as bacteria, fiingi, yeast 
etc. The term "cells" is also meant to encompass protoplasts, i.e. the protoplasm of a cell 
enclosed in a membrane but without a cell wall. While it is contemplated that the selection 
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method of the present invention niay be used for any type of cell, the method has been found to 
be particularly suitable for the seleaion of genetically transformed plant cells. 

The term "population of cells" refers to any group of cells which has been subjected to genetic 
5 transformation and from which it is desired to identify those cells which have been genetically 
transformed and to isolate the genetically transformed cells from non-genetically transformed 
cells. The population may, for example, be a tissue, an organ or a portion thereof, a population 
of individual cells in or on a substrate, such as a culture of micro-organism cells, for example a 
population of cells in a solution or suspension, or a whole organism, such as an entire plant. 

0 

The term "selecting" refers to the process of identifying and/or isolating the genetically 
transformed cells from the non-genetically transformed cells using the method of the present 
invention. 



The term "toxic to the non-transformed cells" includes inhibited growth of the non-transformed 
ceUs as well as the death thereof 

The term "medium" includes any medium that is capable of providing the transformed cells with 
a selective advantage, such as a selective growth advantage. For example, the medium may 
comprise typical ingredients of a growth medium but wherein those ingredients are in such an 
amount that only the transformed cells are seleaively grown. * In some embodiments of the 
present invention, the medium will comprise a component, or a metabolic precursor therefor, 
according to the present invention, and preferably in a high concentration. 

In this regard, that component - such as an added component or derived from the added 
precursor - or a metabolic derivative thereof is a nutrient for the non-transfonmed cells when 
the component is present in low concentrations and wherein the component or a metabolic 
derivative thereof is toxic to the non-transfonmed cells when the component is present in high 
concentrations. 

Preferably, the term "low concentration" means greater than 0 joM to less than 25 |iM. Typical 
preferred examples of low concentrations are in the m-- molar range. 
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Preferably, the term "high concentration" means at least 25 and up to 100 mM (or in some 
instances even higher). Typical preferred examples of high concentrations are in the milii-molar 
range. 

5 The term "nutrient" includes a substance that is capable of providing directly or indirectly (e.g. 
via a metabolite thereof) energy or atoms that are beneficially useful for maintenance and/or 
grov^h and/or reproduction etc. of the cell, tissue, organ or organism. For example, the term 
includes a substrate that can be beneficially metabolised and/or beneficially utilised in a 
metabolic pathway to enable the transformed.celis to grow, to proliferate or to be maintained in 
10 a viable form. 

The term "genetically transformed" includes transformation using recombinant DNA 
techniques. 

15 The term "introducing the population of cells to a medium" means adding the population of 
cells to the medium or vice versa. 

If a portion of the component serves as a metabolic substrate and is metabolically converted to 
a derivatised substrate, wherein that derivatised substrate is capable of providing an allosteric 
20 effect on the gene product, then the metabolic conversion can be a one step metabolic 
conversion process or it can be a multi-step metabolic conversion process. 

The component of the present invention may be derived fi-om a metabolic precursor therefor. 

25 The terms "non-transformed ceUs" or "non-transformed cell" mean cells or a cell that do not or 
does not comprise the first nucleotide sequence according to the present invention. The terms 
also mclude cells or a cell that do not or does not comprise another first nucleotide sequence 
when the genetically transformed cells or cell comprise or comprises two different first 
nucleotide seqtrences. The terms also include any previously transformed cell but wherein that 

30 previously transformed cell does not comprise a first nucleotide sequence according to the 
present invention or the same number of first nucleotide sequences as the transformed cell or 
cells. 
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In a highly preferred embodiment, the first nucleotide sequence is not in its natural env^onment 
In th,s regard, the first nucleotide sequence may not be native (i.e. fore.gn) to the ceU or 
organism. In addition, the first nucleotide sequence may be native to the ceU or orgamsm but 
wherem the first nucleotide sequence is operably linked to a promoter that is heterologous to 
the first nucleotide sequence. 

The first nucleotide sequence may be DNA or RNA. Preferably, the first nucleotide sequence 
IS DNA. More preferably, the first nucleotide sequence is recombinant DNA. 

Likewise, the second nucleotide sequence may be DNA or RNA. Preferably the second 
nucleotide sequence is DNA. More preferably, the second nucleotide sequence is recombinant 
DNA. 

The .em, "nucleotide «que„ce of interes." (i.e. -NO!-) „eam any desired nucleotide sequem^e 
for mcorporation into the cells in question ,o p„,duce genetically transformed cells 
Introduaton of nucleotide sequences into plants, micro-organisms and anunals is widely 
practised, and i, is believed that there are no limitations upon the nucleofde sequences whose 
presence may be selected (eg. detected) by use of the selection method of the present irvemion. 

By use of the method of the present invention tite presence of the NOI in the genetically 
tt^^formed cells may be detennined without the above-mentioned disadvantages associated 
wtth the selection systems relying solely on antibiotic resistance and/or herbicide resistance. 

The NOI can be any nucleotide sequence of interest, such as any gene of interest A NOI can 
be any nucleotide sequence that is either foreign or natural to the cell or otgantsm (eg a 
pantcular plant) in question. Typical examples of a NOI include genes encodtng proteins and 
enzyn^s ^ modify metaboUc and catabolic processes. The NOI may code for an agent for 
mtioducmg or inceasing resistance to pathogens. The NOI may even be an antisense constn^a 
for mod^nng theexpre^on of namral .ranscripn, present in the relevant tissues The NOI may 
even code for a compound tiut is of benefit ,o animals or humans. Examples of NOIs include 
nucleotide sequences e«:oding any one or more of pectinases, pectin depolymerases 
polygalacmronases. pectate lyases, peain lyases, rhamno-gaiacturonases, hemicellulases endo^ 



SUBSTITUTE SHEET (RULE 26) 



5 



WO 98/35047 PCT/GB98/00367 

P-glucanases, arabinases, or acetyl esterases, or combinations thereof, as well as antisense 
sequences thereof. The NOI may encode a protein giving nutritional value to a food or crop. 
Typical examples include plant proteins that can inhibit the formation of anti-nutritive faaors 
and plant proteins that have a more desirable amino acid composition (e.g. a higher lysine 
content than a non-transgenic plant). 



The NOI may even code for an enzyme that can be used in food processing such as ch>'mosin, 
thaumatin and a-galactosidase. The NOI can be a gene encoding for any one of a pest toxin, 
an antisense transcript such as that for patatin or a-amylase, ADP-glucose pyrophosphorylase 
10 (e.g. see EP-A-04553 16), a protease antisense, a glucanase or genomic p 1 ,4-endoglucanase. 

The NOI may even code for or comprise an intron of a particular gene. Here the intron can be 
in sense or antisense orientation. In the latter instance, the particular gene could be DNA 
encoding 3-I,4-endoglucanase. Antisense expression of genomic exon or intron sequences as 
15 the NOI would mean that the natural 3-1,4-endoglucanase expression would be reduced or 
eliminated but wherein the expression of a 3-1,4-endoglucanase gene according to the present 
invention would not be affected. 

The NOI may be the nucleotide sequence coding for the arabinofliranosidase enzyme which is 
20 the subjert of PCT patent appUcation PCT/EP96/01009 (incorporated herein by reference). 
The NOI may be any of the nucleotide sequences coding for the ADP-glucose 
pyrophosphorylase enzymes which are the subject of PCT patent application PCT/EP94/01082 
(incorporated herein by reference). The NOI may be any of the nucleotide sequences coding 
for the a-glucan lyase enzyme which are described in PCT patent application PCT/EP94/03397 
25 (incorporated herein by reference). The NOI may be any of the nucleotide sequences coding 
for the glucanase enzyme which are described in PCT patent application PCT/EP96/01008 
(incorporated herein by reference). 

The NOI may also encode a pemease or other transport factor which allows the compound or 
30 precursor thereof or metabolised derivative thereof to cross the cell membrane and enter the 
transformed ceUs. Instead of facilitating uptake of a compound into a cell, the co-introduced 
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nucleotide sequence may alternatively direct the component or precursor thereof or 
metabolised derivative thereof to a specific compartment - such as the plasma membrane or into 
the vacuole or the endoplasmic reticulum. 

5 More than one NOI can be present. 

The NOI can be co-introduced with the first nucleotide sequence according to the present 
invention. 

10 The term "co-introduced" means that the two nucleotide sequences may be coupled to each 
other, or are otherwise introduced together, in such a manner that the presence of the co- 
introduced first nucleotide sequence in a cell indicates that the NOI has been introduced into 
the cell, i.e. if the first nucleotide sequence is shown to have been introduced, the probability 
that the NOI has also been introduced is significantly increased. The two nucleotide sequences 

15 may be part of the same genetic construct and may be introduced by the same vector. 

The methods described herein may also be used when the co-introduced first nucleotide 
sequence and the NOI are introduced independently. This may be performed, for example, by 
using the same bacteria for incorporation of both genes and incorporating a relatively large 
20 number of copies of the NOI into the cells, whereby the probability is relatively high that cells 
which are shown to express the first nucleotide sequence will also contain and express the NOI. 

In order for the introduced first nucleotide sequence and optional NOI to be expressed in the 
transformed cells, the genetic constructs containing the first nucleotide sequence and/or NOI 
25 will typically, but not necessarily, contain regulatory sequences enabling expression of the 
nucleotide sequences, e.g. known promoters and transcription terminators. Thus, the first 
nucleotide sequence will typically be associated with a promoter, which may be a constitutive 
or regulatable promoter, and the NOI will typically also be associated with a constitutive or 
regulatable promoter. 

30 

As mentioned above, preferably the gene product of the present invention is the enzyme 
glucosamine-6-phosphate deaminase (EC 5.3.1.10). A gene coding for glucosamine-6- 
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phosphate deaminase may be obtainable from non-plant organisms, such as £. co/i. An 
example of such a gene is known as the nagB gene. This gene has been cloned and sequenced 
by Rogers, M J. ei a/ ((1988) Gene 62: 197-207). However, those workers did not suggest the 
nagB gene could be expressed in plants, let alone be used in a selection method. Alternatively, 
the glucosamine-6-phosphate deaminase may be obtainable from plants, such as a mung bean 
shoot. An example of such activity was reported by Veiga, L A ((1968) Plant & CeU Physiol 9: 
1-12) - but that author did not report on any sequence infomiation. 

The first nucleotide sequence and/or the NOI may comprise one or more introns. In particular, 
if the first nucleotide sequence and/or the NOI encodes a gene product that can detrimentally 
affect a bacterium and all or a part (e.g. a plasmid thereof or therein) of that bacterium is used 
either to propagate the NOI or as a means to transform the ceUs, then it is highly desirable for 
that gene produa to be inactive in the bacterium. One way of selectively inactivating the gene 
product in bacteria is to insert one or more introns into the nucleotide sequence of the first 
nucleotide sequence or the NOI. This intron or those introns would not be removed after 
transcription in the bacterium but would be so removed in, for example, plants etc. 

In a highly preferred embodiment, if the first nucleotide sequence and/or the NOI comprises at 
least one intron, then that at least one intron is present in a highly conserved region of the first 
nucleotide sequence or the NOI. Here, the term "intron" is used in its normal sense as meaning 
a nucleotide sequence lying within a coding sequence but being removable therefrom. 

We beUeve that this is the first time that it has been disclosed or suggested that a gene or gene 
product that is potentially detrimental to a prokaryote - such as a bacterium - can be inactivated 
in a prokaryote by the insertion of at least one intron into the gene, especially when the at least 
one intron is inserted into a conserved region of the gene, more especially when the at least 
intron is inserted into a conserved region of a coding region of the gene. 



one 



Thus, the present invention also provides a process of inactivating a gene or gene product that 
is potentially detrimental to a prokaryote when present in the prokaryote by the insertion of at 
least one intron into the gene thereby inactivating the gene or the gene product vis^^-vis the 
prokaryote. 
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Preferably, the present invention also provides a process of inactivating a gene or gene product 
that is potentially detrimental to a prokaryote when present in the prokaryote by the inseaion of 
at least one intron into the gene thereby inaaivating the gene or the gene product, wherein the 
at least one intron is inserted into a conserved region of the gene. 

5 

Alternatively expressed: this aspect of the present invention concerns a process comprising 
converting a gene or product thereof that is potentially detrimental to a prokaryote to an altered 
gene or product thereof that is not potentially detrimental to the prokaryote, the process 
comprising the step of inserting at least one intron into the potentially detrimental gene and in 
10 such a manner that the altered gene is formed, preferably wherein the at least one intron is 
inserted into a conserved region of the gene, more preferably when the at least one intron is 
inserted into a conserved region of a coding region of the gene. 

The present invention also provides a prokaryote comprising a gene that would have been 
15 potentially detrimental to a prokaryote when present in the prokaryote, but wherein the gene 
comprises at least one intron thereby inactivating the gene or the product thereof in the 
prokaryote. 

Preferably, the present invention also provides a prokaryote comprising a gene that would have 
20 been potentially detrimental to a prokaryote when present in the prokaryote, but wherein the 
gene comprises at least one intron thereby inactivating the gene or the product thereof in the 
prokaryote; and wherein the at least one intron is inserted into a conserved region of the gene, 
more preferably when the at least one intron is inserted into a conserved region of a coding 
region of the gene. 

25 

The present invention also encompasses products obtainable from the expression of such an 
altered gene. 

In a highly preferred embodiment of this particular aspect of the present invention there is 
30 provided a nucleotide sequence shown as SEQ ID No. 2 or a variant, homologue or fragment 
thereof or a sequence that is complementary thereto. This nucleotide sequence corresponds to 
the coding region of the nag B gene (see SEQ ID No. 1) but wherein inter alia an intron is 
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present in the sequence. The present invention also covers a construct, vector, plasmid, 
transgenic organism (or organ or tissue or ceU thereof) comprising or expressing this nucleotide 
sequence. Preferably, the organism is a plant, or cell or tissue thereof 



or 



or a 



5 The present invention also covers the nucleotide sequence shown as SEQ ID No. 2 

variant, homologue or fragment thereof or a sequence that is complementary thereto when 
operably linked to and is under the control of a promoter that allows expression of the 
nucleotide sequence. In this aspea, the promoter may be a ceU or tissue specific promoter. If, 
for example, the organism is a plant then the promoter can be one that affeas expression of the 

3 nucleotide sequence in any one or more of seed, stem, sprout, root and leaf tissues. 

The term "promoter" is used in the normal sense of the art, e.g. an RNA polymerase binding 
site in the Jacob-Mond theory of gene expression. 

i The promoter could additionally include one or more features to ensure or to increase 
expression in a suitable host. For example, the features can be conserved regions such as a 
Pribnow Box or a TATA box. The promoters may even contain other sequences to affect 
(such as to maintain, enhance, decrease) the levels of expression of the nucleotide sequence of 
the present invention. For example, suitable other sequences include the 57,/-intron or an ADH 
intron. Other sequences include inducible elements - such as temperature, chemical, light or 
Stress inducible elements. 



Also, suitable elements to enhance transcription or translation may be present. An example of 
the latter element is the TMV 5' signal sequence (see Sieat Gene 217 [1987] 217-225; and 
25 Dawson Plant Mol. Biol. 23 [1993] 97). 

The terms "variant", "homologue" or "fragment" in relation to the amino acid sequence for the 
preferred enryme of the present invention include any substitution of variation of, modification 
of replacement of, deletion of or addition of one (or more) amino acid from or to the sequence 
30 providing the resultant enzyme has glucosamine-6-phosphate deaminase activity, preferably 
havmg at least the same activity of the enzyme shown as SEQ ID No. 3. In particular the term 
"homologue" covers homology with respect to structure and/or fimction. With respect to 
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sequence homology, preferably there is at least 75%, more preferably at least 85%, more 
preferably at least 90% homology to the sequence shown as SEQ ID No. 3. More preferably 
there is at least 95%, more preferably at least 98%, homology to the sequence shown as SEQ 
ID No. 3, 

5 

The terms "variant", "homologue" or "fragment" in relation to the nucleotide sequence coding 
for the preferred enzyme of the present invention include any substitution of, variation of, 
modification of, replacement oC deletion of or addition of one (or more) nucleic acid from or to 
the sequence providing the resultant nucleotide sequence codes for or is capable of coding for 

10 an enzyme having glucosamine-6-phosphate deaminase activity, preferably having at least the 
same aaivity of the enzyme encoded by the sequences shown as SEQ ID No. 1 or SEQ ID No. 
2. In particular, the term "homologue" covers homology with respect to structure and/or 
function providing the resuhant nucleotide sequence codes for or is capable of coding for an 
enzyme having glucosamine-6-phosphate deaminase activity. With respea to sequence 

15 homology, preferably there is at least 75%, more preferably at least 85%, more preferably at 
least 90% homology to the sequence shown as SEQ ID No. 1 or SEQ ID No. 2. More 
preferably there is at least 95%, more preferably at least 98%, homology to the sequence 
shown as SEQ ED No. 1 or SEQ ID No. 2. However, preferably, a "variant", "homologue" or 
"fragment" of SEQ ID No. 2 does not include the nucleotide sequence shown as SEQ ID No. 1 

20 on its own. 

Preferably, a "variant", "homologue" or "fragment" of SEQ ID No. 2 includes the nucleotide 
sequence shown as SEQ ID No. 1 but wherein at least one intron is present in the sequence. 

25 Preferably, a "variant", "homologue" or "fragment" of SEQ ID No. 2 includes the nucleotide 
sequence shown as SEQ ID No. 1 but wherein at least one intron is present in a consen/ed 
region of the sequence. Preferably, the intron is inserted into a region which encodes a 
conserved amino acid sequence. Preferably, that conserved amino acid sequence is 
WTFNMDEY, 

30 

The terms "variant", "homologue" or "fragment" are synonymous with allelic variations of the 
sequences. 



SUBSTITUTE SHEET (RULE 26) 



wo 98/35047 

25 PCT/GB98/00367 

The tenn "variant" also encompasses sequences that are complementao^ to sequences that are 
capable of hydridising to the nucleotide sequences presented herein. In this respect, preferably 
the temi "variant" encompasses sequences that are complementa^ to sequences that are 
capable of hydridising under stringent conditions (e.g. 65°C and 0. 1 SSC) to the nucleotide 
5 sequences presented herein. 

The present invention also covers nucleotide sequences that can hybridise to the nucleotide 
sequence of the present invention. 

10 The term "homology" as used herein can be equated with the tenn "identity" Relative 
sequence homology (i.e. relative sequence identity) can be determined by commercially 
avadable computer programs that can calculate % homology between two or more sequences. 
A typical example of such a computer program is CLUSTAL. 



15 The term "vector" includes expression vectors and transfomiation 



vectors. 



The temi "expression vector" means a construct capable of /« v/vo or in vitro expression. 

The temi "transformation veaor" means a construct capable of being transferred from one 
20 specres to another - such as from ^nKcoli plasmid to ^Agrobacterium to a plant. 



The term "tissue" includes tissue per se and 



organ. 



The tem, "orgamsm- in relaUon ,o the present invention include, any organism that could 
2. compnse the nucleotide sequence coding for the enzyme according ,c the present invention 
and/or produas obtained therefrom, and/or wherein the nucleotide sequence according to the 
present tnvention can be expressed when present in the otsanisnt. Preferably the organism is a 

plant. 

30 The term "transgenic organism" in relation to the present invention includes any organism that 
compnses the nucleotide sequence coding for the enzyme according to the present mvention 
and/or products obtained therefrom, and/or wherein the nucleotide sequence according to the 
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present invention can be expressed within the organism. Preferably the nucleotide sequence is 
incorporated in the genome of the organism. Preferably the transgenic organism is a plant. 

In a highly preferred embodiment, the transgenic organism (or part thereof) does not comprise 
5 the combination of a promoter and the nucleotide sequence coding for the enzyme according to 
the present invention, wherein both the promoter and the nucleotide sequence are native to that 
organism (or part thereof) and are in their natural environment. Thus, in this highly preferred 
embodiment, the present invention does not cover the native nucleotide coding sequence 
according to the present invention in its natural environment when it is under the control of its 
10 native promoter which is also in its natural environment. In addition, in this highly preferred 
embodiment, the present invention does not cover the native enzyme according to the present 
invention when it is in its natural environment and when it has been expressed by its native 
nucleotide coding sequence which is also in its natural environment and when that nucleotide 
sequence is under the control of its native promoter which is also in its natural environment. In 
15 other words, it is preferred that the nucleotide sequence is heterologous to the organism and/or 
is under the control of a heterologous promoter. 

As mentioned above, the method of the present invention is particularly suitable for the 
selection of genetically transformed plant cells, thereby allowing identification and isolation of 
20 such cells without being essentially dependent on the use of selection genes coding for 
antibiotic or herbicide resistance. 

The selection method of the present invention may be used for seleaing cells in vitro. 
However, the selection method of the present invention may also be employed in vivo in the 
25 sense that it is possible to selectively grow transfomied organisms - such as plants - from cells, 
tissues etc. that comprise the selection system of the present invention. 

In vivo use of the selection method of the present invention is of particular importance in 
connection with genetic transformation performed on whole plants or on plant parts, in which 
30 the plants or plant parts comprise both transformed and non-transfomied cells, since selection 
of the transformed cells can, in some instances, be achieved without directly damaging the 
neighbouring non-transformed cells. For example, in some instances, the transfomied cells 
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have a selective advantage compared to the non-transformed cells - such as the ability to form 
shoots - but the non-transformed cells do not suflFer any severe disadvantage in the sense of 
being damaged or IciUed, as is the case with using antibiotics or herbicides. 

In certain cases, such as when an improved selection frequency is desired, it may be 
advantageous for the ceUs to be transformed with a nucleotide sequence that is a selection gene 
different to the first nucleotide sequence. This additional, selection nucleotide sequence may be 
an additional gene coding for an enzyme (or other protein or polypeptide) suitable for selertion 
according to the present invention, or it may be a gene coding for an enzyme (or other protein 
or polypeptide) for a known selection method, eg coding for resistance to a antibiotic or 
herbicide or it may be a gene suitable for selection by the selection methods described in WO 
93/05163 and/or WO 94/20627. Thus, genetically transformed ceUs may be selected using a 
combination of selection techniques. For example, if the transformed cells also possessed genes 
coding for resistance to at least one antibiotic or herbicide, then the medium could additionally 
comprise at least one antibiotic or herbicide to which the transformed cells are resistant. In 
particular, we have found that the medium of the present invention does not impair the 
effectiveness of the known selection methods that rely on herbicide or antibiotic resistance. 

The selective advantage possessed by the transformed cells of the present invention may be any 
difference or advantage with regard to the non-transformed cells which allows the transfomed 
cells to be readUy identified and isolated from the non-transformed ceUs. This may, for 
example, be a difference or advantage allowing the transformed cells to be identified by simple 
visual means, i.e. without the use of a separate assay to determine the presence of a gene that 
provides the seleaion means. 

As mentioned above, one aspea of the present invention relates to genetically transformed ceUs 
which have been selected according to the above method, in particular plant ceUs, as weU as 
plants, progeny or seeds derived from or derivable from such genetically transformed plant 
ceUs. In particular, it is often an advantage that these cells are genetically transformed plant 
cells whose genome does not contain an introduced (i.e. non-native) nucleotide sequence 
coding for toxin-resistance, antibiotic-resistance or herbicide-resistance as a seleaion means. 
As explained above, there are concerns about whether it is safe to incorporate genes coding for 

SUBSTITUTE SHEET (RULE 26) 



9835047A1 ( > 



wo 98/35047 



29 



PCT/GB98/00367 



eg antibiotic resistance in eg food plants. Genetically transformed plant cells selected by the 
method of the present invention which do not contain selection genes for eg antibiotic 
resistance, as well as plants, progeny and seeds derived from such cells, are therefore clearly 
advantageous in this respect. 

5 

The transformed cells may be prepared by techniques known in the art. For example, if the 
transfonned cells are transformed plant cells reference may be made to EP-B-0470145 and CA- 
A-2006454. 

10 Even though the selection method according to the present invention is not disclosed in EP-B- 
0470145 and CA-A-2006454, those two documents do provide some usefiil background 
commentary on the types of techniques that may be employed to prepare the transformed plant 
ceUs and transgenic plants according to the present invention. Some of these background 
teachings are now included in the following commentary. 

15 

The basic principle in the constmction of genetically modified plants is to insert genetic 
information in the plant genome so as to obtain a stable maintenance of the inserted genetic 
material. 

20 Several techniques exist for inserting the genetic information, the two main principles being 
direct introduction of the genetic information and introduaion of the genetic information by use 
of a vector system. A review of the general techniques may be found in articles by Potrykus 
(Annu Rev Plant Physiol Plant Mol Biol [1991] 42:205-225) and Christou (Agro-Food- 
Industry Hi-Tech March/April 1994 17-27). 

25 

Thus, in one aspect, the present invention relates to a vector system which carries a first 
nucleotide sequence or construct according to the present invention and which is capable of 
introducing the nucleotide sequence or construct into the genome of an organism, such as a 
plant. ' 

30 

The vector system may comprise one vector, but it can comprise at least two vectors. In the 
case of two vectors, the vector system is normally referred to as a binary vector system. Binary 
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30 

vector systems are described in further detail in Gynheung An et al. (1980). Binary Vectors, 
Plant Molecular Biology Manual A3, 1-19. 

One extensively employed system for transformation of plant ceUs with a given promoter or 
nucleotide sequence or construct is based on the use of a Ti plasmid from Agrobacterium 
tumefaciens or a Ri plasmid from Agrobacterium rhizogenes (An et al. (1986), Plant Physiol 
81, 301-305 and Butcher D.N. et al. (1980), Tissue Culture Methods for Plant Pathologists. 
eds.. D.S. Ingrams and J.P. Helgeson, 203-208). 

Several different Ti and Ri plasmids have been constructed which are suitable for the 
construction of the plant or plant ceU constmcts described above. 

The first nucleotide sequence or constmct of the present invention should preferably be inserted 
into the Ti-plasmid between the border sequences of the T-DNA or adjacent a T-DNA 
sequence so as to avoid disruption of the sequences immediately surrounding the T-DNA 
borders, as at least one of these regions appear to be essential for insertion of modified T-DNA 
into the plant genome. 

As will be understood from the above explanation, if the organism is a plant, then the vector 
system of the present invention is preferably one which comains the sequences necessary to 
infect the plant (e.g. the vir region) and at least one border part of a T-DNA sequence, the 
border part bemg located on the same vector as the genetic construct. Preferably, the vector 
system is an Agrobacterium tumefaciens Ti-plasmid or an Agrobacterium rhizogenes Ri- 
plasmid or a derivative thereof; as these plasmids are weU-known and widely employed in the 
construaion of transgenic plants, many vector systems exist which are based on these plasmids 
or derivatives thereof 



In the construction of a transgenic plant the promoter or nucleotide sequence or construct of 
the present invention may be first constructed in a microorganism in which the vector can 
30 repUcate and which is easy to manipulate before insertion into the plant. An example of a useful 
microorganism is£: coli., but other microorganisms having the above properties may be used. 
When a vector of a vector system as defined above has been constructed in E. coli. it is 
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transferred, if necessary, into a suitable Agrobactehum strain, e.g. Agrobacterium tumefaciem. 
The Ti-plasmid harbouring the first nucleotide sequence or construct of the invention is thus 
preferably transferred into a suitable Agrobacterium strain, e.g. A, tumefaciens, so as to obtain 
an Agrobactermm cell harbouring the promoter or nucleotide sequence or construct of the 
5 invention, which DNA is subsequently transferred into the plant cell to be modified. 

As reported in C A-A-2006454, a large number of cloning vectors are available which contain a 
replication system in E. coli and a selection means which allows a selection of the transformed 
cells. The vectors contain for example pBR322, the pUC series, the Ml 3 mp series, pACYC 

10 184 etc. In this way, the promoter or nucleotide or construct of the present invention can be 
introduced into a suitable restriction position in the vector. The contained plasmid is used for 
the transformation in Kcoli. The Kcoli cells are cultivated in a suitable nutrient medium and 
then harvested and lysed. The plasmid is then recovered and then analysed - such as by any one 
or more of the following techniques: sequence analysis, restriction analysis, electrophoresis and 

15 further biochemical-molecular biological methods. After each manipulation, the used DNA 
sequence can be restricted or selectively amplified by PCR techniques and connected with the 
next DNA sequence. Each sequence can be cloned in the same or different plasmid. 

After each introduction method of the first nucleotide sequence or construct according to the 
20 present invention in the plants the presence and/or insertion of further DNA sequences may be 
necessary. If, for example, for the transformation the Ti- or Ri-plasmid of the plant cells is 
used, at least the right boundary and often however the right and the left boundary of the Ti- 
and Ri-plasmid T-DNA, as flanking areas of the introduced genes, can be connected. The use 
of T-DNA for the transformation of plant cells has been intensively studied and is described in 
25 EP-A-120516; Hoekema, in: The Binary Plant Vector System Offset-drukkerij Kanters B.B., 
Alblasserdam, 1985, Chapter V; Fraley, ei aL, Crit. Rev. Plant Sci., 4:1-46; and An et al., 
EMBO J. (1985) 4:277-284, 

Direct infection of plant tissues by Agrobacterium is a simple technique which has been widely 
30 employed and which is described in Butcher D.N. et al. (1980), Tissue Culture Methods for 
Plant Pathologists, eds.: D.S. Ingrams and J.P. Helgeson, 203-208. For ftirther teachings on 
this topic see Potrykus (Annu Rev Plant Physiol Plant Mol Biol [1991] 42:205-225) and 
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Christou (Agro-Food-Industry M-Tech March/April 1994 17-27). With this technique 
infection of a plant may be done on a certain pan or tissue of the plant, i.e. on a part of a lea^ a 
root, a stem or another part of the plant. 

Typically, with direct infection of plant tissues by Agrobacterium carrying the first nucleotide 
sequence or the construct, a plant to be infected is wounded, e.g. by cutting the plant with a 
razor or puncturing the plant with a needle or rubbbg the plant with an abrasive. The wound is 
then moculated with the Agrobacierium. The inoculated plant or plant part is then grown on a 
suitable culture medium. 

When plant ceUs are constructed, these cells are grown and. optionally, maintained . a medium 
accordmg to the present mvention following well-known tissue culturing methods - such as by 
cultunng the ceUs in a suitable culture medium suppUed with the necessary growth faaors such 
as ammo acrds, plant hormones, vitamins, etc. but wherein the culture medium comprises a 
component according to the present invention. Regeneration of the transformed cells into 
genetrcally modified plants may be accomplished using known methods for the reger^eration of 
plants from ceU or tissue cultures, for example by selecting the transformed shoots and by 
subcultur^^g the shoots or, a medium containing the appropriate nutrients, plant hormor^es, etc. 

Further teachings on plant transformation may be found in EP-A-0449375. 

Reference may even be made to Spngstad a/ (1995 Plant CeU Tissue Organ Culture 40 pp 1- 
15) as these authors present a general overview on transgenic plant construction. 

In a highly preferred embodiment, the present invention is based on our finding that it is 
possrble to use constructs comprising an expressable gene coding for glucosamine-6-phosphate 
deammase to prepare transformed cells wherein the transformed cells can be selected from non- 
transformed cells. 



30 In addition ,he pr«en. inv.n.ion also covers .ransgedc plants comprising fte ,ransf„™ed ceUs 

or constructs of the present invention. 



15 



20 



25 
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Thus, in a highly preferred embodiment the present invention covers transgenic plants 
comprising transformed cells or constructs that comprise an expressable gene coding for 
glucosamine-6-phosphate deaminase. 

5 In order to explain in more detail these highly preferred aspects of the present invention, 
reference shall be made to at least Figures 1-11. 

In this regard, glucosamine in low concentrations (typically in |a-molar concentrations) is 
metabolised to N-acetyl glucosamine ("NAGA"), which in turn is metabolised to N-acetyl 
10 glucosamine 6-phosphate ("NAG6P"), which in turn is metabolised to N-acetyl glucosamine 1- 
phosphate, which in turn is metabolised to UDP-N-acetyl glucosamine, UDP-N-acetyl 
glucosamine is a useful biological precursor for glycoproteins (Roberts, R M, Plant Physiol, 45: 
263-267), This metabolic pathway is schematically shown in Figure 1. Hence, in low 
concentrations, glucosamine is a nutrient for plant cells. 

15 

However, glucosamine in high concentrations (typically in milli-molar concentrations) is 
metabolised to glucosamine-6-phosphate ("GA6P"). This is because when glucosamine is 
supplied in milli-molar concentrations, the levels of this sugar come v/ithin the Km range of 
hexoldnase and, in doing so, phosphorylation occurs to form glucosamine 6-phosphate. This 
20 metabolic pathway is schematically shown in Figure 1 . 

Thus, administration of micro-molar amounts of glucosamine to plant cells leads to formation 
of NAGA which can be fixrther metabolised; whereas provision of milli-molar amounts of 
glucosamine leads to an accumulation of GA6P which is undesirable in non-transformed cells 
25 (Chen-She, S (1995), New Phytologist 74: 383-392). In this regard, and unlike NAGA, GA6P 
is not a nutrient for natural plant cells. In fact, GA6P is toxic to namral plant cells. In this 
regard, the presence of GA6P renders plant cells less hardy. In some instances, the cells may 
even die as GA6P does not readily enter plant metabolic pathways. 

Hence, in high concentrations, metabolism of glucosamine produces a metabolite the 
30 accumulation of which is toxic for the non-transformed plant cells. 
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In accordance with the present invention, we then found that GA6P could be enzymatically 
converted in plant cells to a nutrient. In particular, we found that the enzyme glucosamine-6- 
phosphate deaminase (such as the enzyme encoded by the nagB gene) could convert GA6P to 
fixjctose 6-phosphate CT6P'*) in plant cells. This metabolic pathway is schematically shown in 
5 Figure 2. 

As it is well known, F6P is a very beneficial biological substrate as it is a component of the 
Embden Meyerhof pathway. Hence, in high concentrations, a potentially toxic metabolite of 
glucosamine can be enzymatically converted to a beneficial nutrient for plant cells. This 
10 enzymatic conversion forms the basis of one aspect of the selection method of the present 
invention. 

It is known that the metabolism of glucosamine 6-phosphate by Escherichia coli is facilitated 
by the enzyme glucosamine 6-phosphate deanunase (EC 5.3.1.10). This enzyme 
15 simultaneously catalyses deamination and aldo/ketose isomerisation to form fiiictose 6- 
phosphate (Wolfe, J B & Nakada, H I (1956) Arch Biochem Biophys 64: 489^97. Wolfe J B, 
et al (1957) Arch Biochem Biophys 66: 333-339). Nevertheless, it has not been suggested 
before that such an enzyme could be used as a feature of a selection method, let alone be 
expressed in plant cells. 

20 

Of interest, even though the conversion of GA6P to F6P results in the release of NH3 - which in 
high yields is toxic to plants - we have found that the plant cells are not detrimentally affected. 
Hence, despite the release of a potentially toxic by-product in the highly preferred selection 
method of the present invention, that release does not detrimentally affect the overall selection 
25 method. This result was highly surprising. 

One aspect of the selection method of the present invention provides an additional 
advantageous feature. In this regard, NAG6P has a positive effect (an allosteric effect) on the 
conversion of GA6P to F6P by the enzyme glucosamine-6-phosphate deaminase encoded by 
30 nagB, This aspect of the present invention is schematically shown in Figure 3, This surprising 
finding is in accordance with studies done with E. coli (Calcagno, M, ei al (1984) Biochim 
Biophys Aaa 787: 165-173). Thus, should any glucosamine be metabolised to NAGA and in 
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turn eventually to NAG6P then that NAG6P would ensure conversion of GA6P to F6P by the 
enzyme glucosamine-6-phosphate deaminase or at least aid the conversion step This is an 
advantageous feature of the highly preferred selection method of the present invention. 

5 In a preferred aspea of the present invention, an intron is inserted in to the gene encoding 
glucosamine-6-phosphate deaminase, in particular into a highly conserved region thereof This 
modification was done to minimise or to eliminate the detrimental, degradative effect of 
glucosamine.6-phosphate deaminase on the ceU walls of baaeria such as Agrobacterium As 
Agrobacterium is often the vector of choice -to transfonn plant cells, it may be necessary to 
10 mactivate the gIucosamine-6-phosphate deaminase v^-^-v/. the bacterium, but not v/.^-w. the 
plant ceUs. This inactivation can be achieved by insertion of an intron into the gene coding for 
the glucosamine-6-phosphate deaminase. In particular, inactivation can be achieved by 
insertion of an intron into a conserved region of the gene coding for the glucosamine-6- 
phosphate deaminase. 

15 

In this regard, Figure 4 shows sequences coding for glucosamine-6-phosphate deaminase from 
Candida albicans [nag 1 gene) and glucosamine-6-phosphate deaminase from E. coli [nag B 
gene). In our studies, we chose to insert the intron within the region of the gene that encodes a 
conserved ammo acid sequence, in this case the amino acid sequence WTFNMDEY 

20 

Also, Figures 5, 6 and 7 schematically present the cloning procedure adopted. 
Figures 8, 9. 10 and 1 1 present schematic diagrams of the resultant plasmids. 

25 The foUowing samples were deposited in accordance with the Budapest Treaty at the 
reco^sed deposita^. The Nation^ Collections of Industrie and Marine Bacteria Limited 
(NCIMB) at 23 St. Machar Drive, Aberdeen, Scotland, United Kingdom, AB2 IRY on 10 
January 1997: 



30 1. 



Rcoli DH5a containing plasmid pVictorlV GNG E35S nagB IV2 The deposit 
number is NCIMB 40852. This plasmid comprises the nagB gene with an intron. 
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2. Kcoli DH5a containing plasmid pVictorlV GNG rbc nagB IV2. The deposit number 
is NCIMB 40853. This plasmid comprises the nagB gene with an intron. 

3. Ecoli DH5a containing plasmid pVictorlV GNG nagB, The deposit number is 
5 NCIMB 40854. This plasmid comprises the nagS gene without an intron. 

Highly preferred aspeas of the present invention therefore relate to first nucleotide sequences 
according to the present invention obtainable fi-om those deposits, including expression vectors, 
constructs, organisms and transgenic organisms comprising those same sequences or plasmids. 

10 

The present invention also encompasses a selection means capable of enabling the selection of a 
transformed cell over a non-transformed cell, wherein the selection means is obtainable from 
each of those deposits. 

15 For example the present invention encompasses a selection means that is obtainable from 
deposit number NCIMB 40854. In this regard, the selection means (i.e. the selection means 
capable of enabling the selection of a transformed cell over a non-transformed cell) may be 
obtained fi-om this deposit by PCR amplification techniques (such as those mentioned below) 
and using the following primers: 

20 

5^-(B134)(38.mer) 

TAAGATCTAAACAACAACATGAGACTGATCCCCCTGAC 

3'-(B137) (28-mer) 
25 ACCTCGAGCAGGGATAACAATTACAGAC 

By way of fijrther example, the present invention encompasses a selectaion means capable of 
enabling the selection of a transformed cell over a non-transformed cell, wherein the selection 
means is obtainable fi-om deposit number NCIMB 40852 or 40853. In this regard, the selection 
30 means may be obtained fi-om this deposit by PCR amplification techniques (such as those 
mentioned below) and using the following primers: 
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10 



20 



Primer 1 (B507) 29'MER 

TGCAGAGATCTAAACAACAACATGAGACT 

Primer 6 (B5 1 1) 27MER 
CATGCCTCGAGCAGGGATAACAATTAC 



The present invention will now be described only by way of examples, in which reference may 
be made to the following Figures: 



Figure 1, which is a schematic diagram of a metabolic pathway 
Figure 2, which is a schematic diagram of a metaboUc pathway 
Figure 3, which is a schematic diagram of a metaboUc pathway 
Figure 4, which presents a comparison of nucleotide sequences 
Figure 5, which presents some nucleotide sequences; 
15 Figure 6, which presents some nucleotide sequences; 

Figure 7, which presents a schematic diagram of a PGR reartion scheme; 
Figure 8, which presents a schematic diagram of a plasmid; 
Figure 9. which presents a schematic diagram of a plasmid; 
Figure 10, which presents a schematic diagram of a plasmid; 
Figure 1 1, which presents a schematic diagram of a plasmid; 
Figure 12, which presents a schematic diagram of a plasmid; 
Figure 13, which presents a photographic result of an electrophoresis study 
Figure 14, which presents a photographic result of an electrophoresis study 
Figure 15, which presents a photographic result of an electrophoresis study 
25 Figure 16, which presents a photographic result of an electrophoresis study 
Figure 17, which presents a photographic result of an electrophoresis study 
Figure 18. which presents a photographic result of an electrophoresis study 
Figure 19, which presents a photographic result of an electrophoresis study 
Figure 20, whidi presents a graph, 
30 Figure 21, which presents a graph; 

Figure 22, which presents a schematic diagram of a plasmid; 

Figure 23, which presents a photographic result of an electrophoresis study; 
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Figure 24, which presents a photographic result of an elearophoresis study; 
Figure 25, which presents a graph; 

Figure 26, which presents a photographic result of an electrophoresis study; 
Figure 27, which presents a photographic result of an electrophoresis study; and 
Figure 28, which presents three sequence listings according to the present invention. 

Initially, it is to be noted that Figure 28 presents a number of sequences according to the 
present invention. In this regard, SEQ ID No. 1 is the nucleotide sequence of the nagB gene 
encoding glucosamine-6-phosphate deaminase. SEQ ID No. 2 corresponds to the nucleotide 
sequence of the nagB gene that encodes glucosamine-6-phosphate deaminase but wherein inter 
alia an intron is present in the sequence. SEQ ID No. 2 is sometimes referred to as rmgB IV2. 
SEQ ID No. 3 corresponds to amino acid sequence of glucosamine-6-phosphate deaminase - 
which is sometimes referred to as nagB. 

1 5 PREPARATION OF CONSTRUCTS 

The coding region of the rtagB gene is amplified fi-om the plasmid pUC nagB (Altimaro, M H 
et al (1991) BBA 1076 266-272) by PGR. The upstream PGR primer contains a BgHi site. 
The downstream PGR primer contains an Xhol site. Cleavage of the PGR product with these 
enzymes allows dirertional cloning of the amplified fi-agment between the cohesive BamHl and 
SaR sites of the plasmid pPS48 (see Figure 22). The resulting constmaion locates the nagB 
coding region between the twin GaMV 35S promoter and the GaMV 35S terminator. 



20 



25 



Since the 35S promoter is also functional in E coli (BUang, et al. Gene iOO (1991) 247-250), 
selection of transformants is accompUshed by complementation of the na^5-deficient mutani 
strain BPC S71GR. This strain has the genotype IBPG 5321 nagRl, asnB50:TnS, recA 1, snl. 
ThlO. The selection is perfomied on plates containing n-acetyl glucosamine as a fermentable 
carbon source. 



30 
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Amplification of nagB coding region 

Primers: 

5 5'.(B134)(38.mer) 

TAAGAICIAAACAACAAC4 rGAGACTGATCCCCCTGAC 

The BglYi site is shown as underlined text; the plant upstream region is shown in bold text; and 
the start codon is shown in italics. 

10 

3*.(B137)(28.mer) 

ACCTCSAGCAGGGATAACAATTACAGAC 

The Xhol site is shown as underlined text; and the stop codon is shown in bold text. 

15 

Both of the primers were synthesised with "trityl-ON" and purified on CO P cartridges 
according to the supplier's (Cruachem Ltd, Glasgow, UK - Brochure marked USIN-001-RO2) 
instructions except that Step 12 was substituted with the following step: The sample was 
loaded on to a Pharmacia NAPS column and eluted step wise with 500 jil aliquots of water, the 
20 500 III aliquots were collected and the OD260 determined to locate the oligonucleotides. 

Amplification Reaction Mixture 

10 jal Amplitaq lOx bufifer without Mg 
25 8 ^125mMMgCl2 
77 |al water 

0.5 III pUC TvigB plasmid miniprep 
0.76^15*-(B134) 
0.91 \i\y-(R\31) 
30 2 ^il dNTP mbcture (2.5 mM of each) 
0.5 III Amplitaq 
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Single primer controls adjusted to the same volume with 



water were also run. 



Amplification Reaction Conditi ns 



10 



15 



20 




PGR was run overnight. Then 5 ^ of each PGR reaction mixture were mixed with an equal 
volume of TE (tris-EDTA) pH 7.5 and 2 ^ of gel loading solution. All 12 of each mixture 
were loaded onto a 1.2o/o w/v agarose gel in TBE and electrophoresed at 35V for two hours. 
Samples were flanked by 4 ^1 of Boehringer molecular weight markers m and VI. 

The product in the reaction mixture, at all three annealing temperatures, corresponded well 
^vith the predicted size of 839 base pairs. The 3--primer-only control produced an artifactual 
band of approximately 950 base pairs, which was very weak at 60°G annealing temperature and 
absent from the double primer (5'3') reaction (see Figure 23). 

50 m of the 50°G annealing temperature double primer (5'3-) reaction were then taken and the 
PGR product purified by Gene Glean (suppUed by Bio 101 Inc) treatment using the 
following protocol. 

150 m Nal mixture was added foUowed by 15 ^ of glass milk. The mixture was vortexed left 
to stand on ice for five minutes, and then centriiuged at maximum speed for 20 seconds in an 
Ole D.ch refiigerated centrifi^ge (4X).. The.peUet was washed three times by resuspension in 
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400 Hi ice-cold New Wash™ (supplied by Bio 101 Inc), and repeating the centrifugation. The 
peUet was finally resuspended in 15 ^1 TE pH 7.5, incubated at 50°C for three minutes and then 
centrifuged at room temperature in an Eppendorf centrifuge for one minute. The supernatant 
was coBected, and the elution with 15 TE pH 7.5 and centrifugation repeated. The resulting 
supernatant was pooled with the first, and the total volume was 35 jil. 

The gene-cleaned PGR product was then cleaved in the foUowing reaction mixture for 1 8 hours 
at 37°C. 



10 3 5 ^il gene-cleaned PGR produrt. 
5 ^l 1 Ox Boehringer buffer H 
5 pdATjoI 10U/|il 
5 [ilBgia 10 U/pl 

15 A preparation of pPS48 was sequentially cleaved with Saa and BamHl in the following 
manner. 

The reaction mixture listed below was incubated at 3 7°C for four hours. 

20 5 ^1 pPS48 

5 ^IlOx Boehringer buffer H 
35 nl water 
5|^&jf/I50U/jil 

25 The DNA was purified fi-om the mixture using the gene clean protocol described above. The 
SafL-cut plasmid was in a final volume of 30 jil TE pH 7.5. 

The foUowing reaaion mixture was then incubated at 37°G for four hours. 

30 30 ^l San-cut pPS48 

5 nl 1 Ox Boehringer 1 Ox buffer B 
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10 |Lil water 
5\xlBamHl50JJ/[xl 

10 111 volumes of gel loading solution were added to both the SaWBamHl-caX pPS48 and the 
5 XhoVBglR-CMl PGR product (each in 50 |il). The mixtures were loaded onto a L2% w/v 
agarose gel in EX TAE (triacetic acid and EDTA) with 20 \A of Boehringer molecular weight 
marker HI run in parallel. Electrophoresis at 35V was performed for one hour. The results are 
shown in Figure 24. 

10 The bands corresponding to the SalUBamHl-cut pPS48 (B600 bp) and XhoVBglU-cut PGR 
product (839 bp) were excised and weighed in preweighed Eppendorf tubes. 

Assuming a density of 1 g/cm^ three volumes of Nal solution were added to each excised band 
and the samples heated at 50^G for five minutes. The tubes were vortexed, and returned to 
15 50°G for a fiirther five minutes. 15 |al of glass milk were added to each and the suspension was 
vortexed and placed on ice for five minutes. The glass milk was sedimented and washed three 
times with 400 |iJ "new wash" as performed in the gene clean protocol described above. 
Using the purified fi-agments, the following ligation mbcture was incubated at 16°G for 20 
hours. 

20 

6 III Xhol/Bgm-axt PGR product 
5 III SaWBamHl'Qxxt pPS48 
4 jil 5x BRL ligation buffer 
4 III water 
25 1 III T4 ligase (BRL) 

A 5 ml culture of E coli IBPG57IGR in LB TET was set up using low salt medium (1% 
tryptone, 0.5% yeast extract, 0.5% NaGl). 

30 Electro-competent cells of E coli (glucosamine deaminase deficient) strain IBPG 571GR (IBPG 
571CR = roPC 5321 nagBl, asnBSO: TnS, recAl, sal: 7>?10) were prepared as follows. 
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1 2 ml of the 5 ml ovemigh. culture were used to inoculate a 50O ml low sal. LB TET 
culture (!•/, toTtonc, 0.5% yeas, extrao, 0.5% NaCI, 10 ^tg ml .cracycline . pH not adjusted) 
pre-wanncd .o 3T>C in a 2.5 I Eriennteyer fla* on an ortital shaker a, 250 rpm A parallel 
culture was se, up for sampling in order ,o plo, the progress of growd, Both cultures were 
returned to the 37°C shaker. 

2. A growth curve was plotted (see Figure 25) and used to predict the time at which 
would reach 0.5, at which time the culture wa. immediately placed in an ice/water slush, and 
placed in a cold room (4°C) for 30 minutes. . ' 

10 

3. The culture was divided equally between two sterile 500 mi Beckman centrifuge bottles 
and centnfuged at 5000 rpm in a JA 10 rotor for 15 minutes at 4°C. 

4. The pellets were resuspended in a total of 500 ml cold (4°C) sterile water and divided 
15 equally between centrifuge bottles, before centrifugation as in step 3. 

5. The peUets were resuspended in 300 ml cold sterile water (40C). divided equally 
between centrifuge bottles and the centrifugation from step 3 repeated again. 



20 6. 



25 



CeUs were resuspended inIO ml cold (4°C) 10% v/s sterile glycerol and divided equally 
between two snap-capped Falcon tubes which were centnfuged at 6000 rpm for 15 minutes at 
4°C in a Sorvall SM24 rotor. 



7. 



ThepeUetswereresuspendedinatotalofl ml cold (4°C) sterile lO-Zo v/v glycerol. 



A sample was taken for elearoporation with the ligation mixture mentioned above and the 
remamder was frozen in Uquid nitrogen as 205 ^ aiiquots in nunc cryo tubes. 



30 
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Electro transformation 

1- 1 ^il of the ligation mixture was mixed with 40 ]jl cold sterile water and 40 |al 
electrocompetent IBPC 571 CR in a cold electroporation cuvette and left on ice for one 
5 minute. 

2. The Biorad gene pulser apparatus was set to 25 jjp, 2.48 kV, 200 W. 

3. The cuvette from step 1 was carefully wiped to remove damp from electrode surface 
10 contacts and then positioned in the apparatus. 

4. The sample was pulsed (4,5 mS), the cuvette immediately removed and 1 ml of SOC 
was added as rapidly as possible. 

15 5. The contents of the cuvette were transferred to a snap-capped Falcon tube and 
incubated at 37°C for one hour on an orbital shaker set at 250 rpm. 

6. The contents of the Falcon tube from step 5 were transferred to an eppendorf tube and 
centrifuged for 30 s at 13000 g. The supernatant was removed and the pellet resuspended in 1 

20 ml sterile water. 

7. The following amounts of bacterial suspension from step 6 were spread on to 
McConkey minimal agar (Difco) containing 1% w/v N-acetyl glucosamine, and 10 |ag/ml 
tetracycline with 50 |ig/ml ampicillin. 

25 

100 }il undiluted 

50 |al transformed suspension h- 50 ^1 water 
10 III transformed suspension + 90 |il water 

30 The plates were incubated for 22 hours at 37°C. 
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Two positive colonies on the "undiluted" inoculum plate were picked and spread on to fresh 
McConkey minimal agar (Difco) containing 1% w/v N-acetyl glucosamine, 10)ag/ml 
tetracycline, and 50 p-g/ml ampicillin. The plates were incubated at 37°C for 22 hours. 
Isolated colonies from the subcultures from were used to inoculate 5 ml cultures in TB 10 
5 |ig/ml tetracycline, 100 |ag/ml ampicillin, incubated 16 hours at 37°C on an orbital shaker at 
250 rpm. 

The entire volumes of the cultures were then harvested and plasmid minipreps prepared using 
Qiagen spin columns according to the supplier's (Qiagen) instructions. 

10 

The follovs^g diagnostic restriction digests were set up for both plasmid minipreps. 

1 lal lOxBoehringer buffer H 
5 |j,l water 
15 3 |al plasmid prep 
1 lilPstl lOU/pil 

1 1^1 10 X Boehringer buffer B 
5 111 water 
20 3 III plasmid prep 

\ \jdHincim 50 U/^ 

1 ullOx Boehringer buffer M 
5 1^1 water 
25 3 |il plasmid prep 
1 ^ISphl 10U/|Ld 

All the above reaction mbctures were incubated at 37°C for two hours. 2 |il of gel loading 
solution were added to each and the entire volume loaded on to a 1 % w/v agarose gel flanked 
30 by Boehringer molecular weight markers m and VI. Electrophoresis was performed in TBE 
buffer, at 35V for two hours. The results are shown in Figure 26. 
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Both minipreps A and B showed identical restriction patterns wWch are consistent with the 
ligation of the nagB coding region within the 35S expression cassette of pPS48. 

The Pstl digest cut in the MCS (multiple cloning site) of pPS48 and at position 634 bp in the 
coding region of nagB. The contribution of the non-coding upstream region of the 5' PCR 
primer and A portion of the MCS of pPS48 together with the nagB coding region account for a 
Pstl fragment of 658 bp. 

The Hindm digestion excised the entire expression cassette, which without any insen is 970 
bp. and incorporating the nagB PCR product (840 bp) is the same value observed - 810 bp 
Furthennore, the other band of 2.65 kb is consistent with the excision of the 1810 bp fragment 
from pPS48. 

Sphl cuts at a unique site within the MCS of pPS48 to give a linear intact constr^iction of 4 45 
kb. which is consistent with the cloning of the entire nagB PCR product into pPS48 It is 
noteworthy that the appearance of a faint band, which is also present in the uncut plasmid 
tracks, is indicative of incomplete digestion by split. 

The foUowing reaction mixture was incubated at 37°C for six hours, and then placed at 4X. 

IS.jil pPS48 nagB miniprep A 

1 fil water 

2 |il Boehringer 1 Ox buffer B 
2^1//7>xain50U/|il 

The mrmi restriction digest of pPS48 ,u,gB was n^xed with 4 ttl gd loading soluUon, and 
electrophoresed in parallel with 20 m1 Boehringer molecular weigh, marker m. in a 1% agarose 
gel at 35V for one hoi^, in TAE buffer. The results are shown in Figure 27 
The 18,0 bp flagment was excised fh>m the gel and purified using gene clean n 

employing the protocols mentioned above. 
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The purified fi"agment was then ligated into a plant transformation vector (which is discussed 
later). 

The 1810 bp HindSL firagment fi-om pPS/xagS, containing the coding region of nagB flanked 
5 by the 35S expression cassette, was ligated into pVictor IV GNG. The resultant plasmid - 
p Victor IV GNG nagB - is shown in Figure 12. 

This construction was used to transform Agrobacterium tumefaciens. The transformants were 
found to grow much better on agar plates than when compared to liquid media. By 
10 comparison of appropriate control transformations, this was attributed directly to the presence 
of the rmgB gene. 

It is likely that the pattern of sensitivity of a^. iumefaciens to the presence of pViaor IV GNG 
nagB results fi*om enhanced turnover of the bacterial cell wall, rendering the bacteria 
15 susceptible to the lower osmotic pressure of liquid media. A preferable aspect of the present 
invention was therefore to prevent adverse expression of rtagB in the bacterial transformants, 
while allowing such expression to occur after it has been integrated into the plant genome. 

The strategy employed was based on that used to prevent expression of the histochemical 
20 marker gene for p-glucuronidase {uidA) in A, tumefaciem, by the insertion of the IV2 intron 
into the coding region of the gene (Vancanneyt, C et al (1990) Mol Gen Genet 220:245-250). 
This intron is known to be spliced out of the uidA construct in our target plants, including guar 
and potato. The site of splicing of the IV2 intron into mgfi was chosen to be between the 
codons for MET70 and ASP71, which lie within a highly conserved region comprising VAL 
25 VAL THR PHE ASN MET ASP GLU TYR (Natarajan and Datta Assis ( 1 993) 268 pp 9206- 
9241). This splice junction conforms to the consensus sequence for plant introns (Shapiro, M 
B & Senapathy, P (1987) NAR 15 7155-7174). The method chosen to insert the IV2 intron 
into nagB was SOE (splicing by overiap extension) PGR. Primers and reaaion conditions were 
designed using- "0LIG04" program. (National Biosciences Inc) 

30 
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PCR Primprc 



The following primers were used: 

5 Primer 1 (B507) 29?>^IER 

TGCAGAGATC TAAACA Ar A Ar 7UAGACT 

Here the BglU site is shown in bold type; the plant upstream consensus sequence is shown in 
underlined text; and the start codon is shown in italics. 

10 

Primer 2 (B506) 34'MER 

TAGAAGCAGAAACTTACC17277GA4 GGTU^ CAA 

Here the rV2 intron is shown in bold text; the nagB sequence is shown in italics; and the 
1 5 underlined portion denotes MET 70. 

Primer 3 (B508) 34'MER 

^GTCACCTTCAACAJnGTAAGTrTCTGUrrCTA. 

20 Here the IV2 intron is shown in bold text; the nagB sequence is shown in italics; and the 
underlined portion denotes MET 70. 

Primer 4 (B509) 34T4ER 

^G^CCG^CATATTCGTIlCrCCACATCAACAAATr 



25 



Here the IV2 intron is shown in bold text; the nagB sequence is shown in italics; and the 
underlined portion denotes TYR73 GLU72 ASP71. 



Primer 5 (B5 1 0) 34'MER 
30 AATTTGTTGATGTGCAGOdO^ddlHTGrCGGTUr 
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Here the IV2 intron is shown in bold text; the nagB sequence is shown in italics; and the 
underlined portion denotes ASP71 GLU72 TYR73. 

Primer 6 (B511) 27'MER 
CAJGCCTCGXGCAGGGATAACAAUAC 

Here the nagB 3' untranslated region is shown in italics; the stop codon is underlined; and the 
Xhol site is shown in bold. 



10 AU the above oligonucleotide primers were synthesised using "trityl-ON" and purified on 
"C.O.P" cartridges (see before). 

The foUowing three segments to be spUced were synthesised by PGR. 
15 Segment 1 

Produced by amplification of NT 1-234 of the coding region of nagB attaching a plant 
upstream region and ^BglU. site at the 5' end and overlap with NT 1-17 of the IV2 intron at the 
3' end (Reaction 1). 



20 



Segment 2 



Produced by amplification of the IV2 intron (189 BP) attaching an overlap with NT 218-234 of 
the coding region of nagB at the 5' end and another overlap with NT 235-251 of the nagB 
25 coding region at the 3' end (Reaction 2). 



Segment 3 



Produced by amplification of NT 235-801 of the coding region and stop codon of nagB, 
30 attaching an overlap with NT 172-189 of IV2 at the 5' end and an Xhol site at the 3' end 
(Reaction 3). 
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Reaction 1: 

73/ 69/ 65 pil water 
4/ 8/ 12^1MgCl2 25 mM 
0.5 lol pPS48 nagB 
5 5\x\ primer 1 (B507) 4 pmole/^il 
5 lal primer 2 (B506) 4 pmole/|al 
2 111 dNTP mix (2.5 mM each) 
0.5 lal Amplitaq 

10 Reaction 2: 

73/ 69/ 65 |il water 
4/ 8/ 12 111 MgCli 25 mM 
0.5 III pUC.GUS.intron 
5 111 primer 3 (B508) 
15 5 111 primer 4 (B509) 

2 111 dNTP mixture (2.5 mM of each) 
0.5 111 Amplitaq 

Reaction 3: 

20 73/ 69/ 65 111 water 

4/ 8/12^1 MgCl2 25 nM 

0.5 pPS48 nagB 

5^il(B510) primer 5 

5 ^lprimer6(B511) 
25 2 111 dNTP mixture (2.5 nM of each) 

0.5 111 Amplitaq 
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10 



15 



20 




94°C- l .Smins 
SS'C - 1 min 
72°C - 2 mins 
94''C- l.Smins 
58°C - 1 min 
72°C - 10 mins 
4°C - until collection 



94°C- 1.5 mins 
50°C - 1 min 
72°C - 2 mins 
94°C- 1.5 mins 

50°C - I min 
72°C - 10 mins 
4°C - until coUeaion 



The above reaaions were run overnight. 



The PCRs were analysed by adding 2 ^l of each reaction mixture to 8 ^ water and ^ m gel 
loadmg bufifer (0.25% bromophenol blue/0.25o/o xylene cyanol FF/30o/o elycerol in water) and 
electrophoresis of the entire volume through a 2% w/v agarose gel in TAE buffer at 35V for 
approxmutely two hours. Samples were electrophoresed in parallel with Boehringer DNA 
MWT marker VI. The results are shown in Figure 13. Figure 14 shows a preparative gel of 
the same and also indicates the positions of the excised bands. 



Th. migration of each product in the gel closely corresponded to the expected molecular si 
(reaction 1: 251 bp, reaction 2: 223 bp, reaction 3. 628 bp). 



size 



50 m samples from each reaction performed at 2 mM MgCl^ were added to 10 ^ of gel 
loadmg buffer and resolved by electrophoresis in a l^/o w/v agarose gel in TAE buffer at 35V 
for approximately two hours. 

Bands were excised and the DNA extracted by placing the gel section in an Eppendorf tube 
freezing in Uquid N. thawing for five minutes at 37°C. and then centrifugation of the buffer out 
of the gel m a Millipore Ultrafree MC filtration tube at 13C00g for five minutes The DNA in 
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the filtrate was then precipitated with 1/10 volume acetate and 2 volumes of ice cold ethanol 
(96%) followed by centrifugation at 13000g for five minutes. The sedimented DNA was 
washed with ice-cold 70% v/v ethanol, dried and resuspended in 10 pJ of TE. 

In order to check that the bands observed after PCR were not artifacts, a set of single primer 
control reactions were run. 

The single primer control reactions were compared with primer pair reactions by taking 2 |il 
samples of each, adding them to 8 water and 2 |il buffer and electrophoresis of the entire 
volume through a 2% w/v agarose gel in TAE buffer at 35V for approximately two hours. 

The results of this study are shown in Figure 15. 

As shown in Figure 15, no artifactual bands appeared in the single primer controls. 
15 

The splicing of sections 1 and 2 together was accomplished using the following PCR reaction 
mixture: 

5 1 water 
20 8 lal MgCb 25mM 

10 (ol Amplitaq lOx buffer without Mg 

1 |il section 1 
8 |il section 2 

5 III primer 1 (B507) 4 pmoles/|il 
25 5 lal primer 4 (B509) 4 pmoles/^1 

2 III dNTP mbcture (2.5 mM each) 
0.5 Amplitaq buffer (Perkin Elmer) 

The splicing reaction was run overnight using the following temperature programme. 



RNsnocin .-wo 0R3sn4 7Ai t 



SUBSTITUTE SHEET (RULE 26) 



wo 98/35047 



53 



PCT/GB98/00367 



Cycle 


Splicing reaction (Sections 1 & 2) 


1 


94°C - 5 mins 


2-29 


94°C-1.5mins 




54°C - 1 min 




/2 C - 2 muis 


30 


94°C- 1.5 mins 




54''C - 1 min 




72°C- lOmins 


31 


A°C - until collection 



In order to fiimish more product for future use, reaction 2 was repeated and mn in parallel. 

5 6 |al samples of each of the PCR reactions were added to 24 jal water and 6 pJ of gel loading 
buflfer (Amplitaq buflfer - supplied by Perkin Elmer). The entire volume of each mixture was 
loaded on to a 2% w/v agarose gel in TAE buflfer and electrophoresed at 35V for 
approximately two hours. The results are shown in Figure 16. 

10 The mobility of the spliced product corresponded very closely with the expected size of 440 bp. 
2 X 50 |xl samples of the spliced product of sections 1 and 2 were electrophoresed and the DNA 
extracted from the product bands in the same manner as described above. The results are 
shown in Figure 17. 

15 The splicbg of the fused sections 1 and 2 with section 3 was accomplished using the following 
PCR reaction mbcture: 

67 jil water 

10 ^il Amplitaq lOx buffer without Mg 
20 8|alMgCl2 25 mM 

1 |J fused sections 1 and 2 

2 \xl section 3 
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5 primer 1 (B507) 4 pmoles/nl 
5 ^1 primer 6 (B5 1 1) 4 pmoles/nl 
2 jil dNTP mixture (2.5 mM of each) 
0.5 ^1 Amplitaq buffer 

The splicing reaction was run oveniight using the foUowing temperature 



programmes. 



Lower annealing temp 

94°C - 5 mins 

94°C- l.Smins 
56°C - 1 min 
72°C - 2 mins 

94''C- 1.5mins 
56°C - 1 min 
72X- lOmins 
4°C - until collection 



higher annealing temp 

94°C - 5 mins 

94°C- 1.5 mins 
60°C - 1 min 
72°C - 2 mins 
94°C- 1.5 mins 
60°C - 1 min 
72°C - 10 mins 



4°C - until coUertion 



Single primer controls containing either primer I alone or primer 6 alone were also run at the 
1 0 lower annealing temperature. 



15 



The PCR reactions were analysed by electrophoresis in an identical manner to that described 
above. The results are shown in Figure 18. 

The spUcing reaction produced a prominent band on the gel which corresponds reasonably well 
w,th the expected molecular size of 1 034 bp. The primer 6 single primer control also produced 
a product but slightly larger than this and the primer 5 single primer control produced a much 
smaller product. Interestingly, the higher annealing temperature of 60X did not decrease the 
background but, on the contrary, increased it. 



20 
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The spliced product of the fiised sections 1 and 2 and section 3 was separated by 
electrophoresis in an identical manner to that described above for the purification of segments 
1, 2 and 3. The band was excised fi*om the gel and purified using gene clean II. 

A fijrther electrophoresis run was performed and the results are shown in Figure 19. 
Cloning and Sequencing 

The PGR products fi-om amplification of nagB, and nagB into which the IV2 intron had been 
spliced, were cloned into the EcorRV site of pTTBlue (Novagen) to which T-overhangs had 
been attached. Blue/white selection of recombinants was performed on LB plates containing 
50 lag/ml ampicillin, on to which 50 ^1 X-gal (20 mg/ml dimethyl sulphoxide) had been spread 
and allowed to dry on a sterile laminar flow bench. Minipreps of white colonies were checked 
by double digests with EcoRV/Xba, I, and Psil digestion. Large scale preparations of the 
recombinant plasmids were then made using Quiagen (Quiagen), and this DNA was used for 
sequencing. 

Thermal sequencing 

Thermal sequencing was performed using the following primers (Pharmacia). 

5'fluorescein-d[CAG CGT TGT AAA ACQ ACG GCC AGT].3' 
5'fluorescein-d[CAG GAA ACA GCT ATG AC]-3' 

Reagents used were fi-om an Autoread 1000 sequencing kit (Pharmacia) with the exception of 
the thermostable polymerase, theimo sequenase (Amersham Life Science). 

0.5-1 |ig of plasmid DNA was taken up in 21 ^il of water. Reaction mixtures were set up as 
follows: 

Fluorescent marker (1-2 pmol) l |al 

Plasmid DNA 5 
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The samples were heated to 95»C and then immediately subjeaed to 25 cycles of the foUowing 
temperature programme: 

5 

95°C 30 s 

60°C 30 s 

Sequencing usinp the Antoread innn cpq.. qncing kit rPh.^o.;,) 

10 The foUowing primers, which complement the nucleotide sequence of nagB, were s>.thesised 
for sequencing using the Autoread 1000 sequencing kit (Pharmacia). 

206-222 GCTTTAAGCACGTTGTC 
225-209 (rev) GGTGACAACGTGCTTAA 
15 719-703 (rev) TTTGCGACGCGAGTGTC 
43 1 -4 1 5 (rev) TATTCGTCCTGCACATC 

The concentrations of the plasmid templates were adjusted to approximately 20 ^g/^I. Primer 
annealing was perfonned in the following reaction mixture. 



20 



25 



Template DNAlOjil 

Primer (1-2 pmol) 2 nl 

Annealing buffer 2 ^il 

Sterile water i ^^\ 

The amealing mi«ur« were vortexed. briefly centriftged, and incubated at 65X for 10 
-mutes. The reaaiom were allowed to cool to room temperature over a period of 45 nw,utes 
and then briefly centrifuged. 

- r 

30 Each annealing temperature was mixed with 2 mI of Fluore^ATP labelling reagent ^ of 
diluted T7 DNA polymerase (4 U« were added ,o eac^ and the region was incubated a. 
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37°C for ten minutes. FoUowing this primer labelling reaaion, the mboure were maintained at 
37°C while 1 ^1 of extension buflFer, and 3.5 ^1 dimethyl suiphoxide were added. 5.4 ^ of each 
primer labelling reaction mbcture were immediately added to 3 ^ of each nucleotide mix (A, C 
G. and T) and incubated at 37°C for a further five minutes. Reaaions were terminated by the 
addition of 5 jal of Stop Solution. 

Electrop hor<»gig 

Electrophoresis of both types of sequencing reaction was canied out using a Pharmacia ALF 
automated sequencer. Samples were heated to 90°C for two minutes before loading 8 ^ 
aliquots onto the sequencing gel. 

UBriO. of n^p rnn^n,nion, |n,n nhm e^nr^,.; .. ^ ,„,„ , 

transfor mation v^nr 

Clones of the r^gB, and nagB containing the IV2 intron, in pTTBlue, were confirmed by 
sequencmg to have the correa nucleic acid sequence. These were excised from pTTBlue as 
Bgm/Xhol fragments and directionally cloned into the CamV 35S expression cassette of 
BamHUSan cut pPS48 (see Figure 8). The nagB construction, into which the IV2 intron had 
been sphced, was also cloned, in the same manner, between the rubisco small subunit promoter 
and the nopaline synthase terminator ofpDB22 (see Figure 9). The constructions ligated 
mto expression cassettes in this manner, were excised from pPS48 and pDB22, with adjacent 
promoters and terminators, as Hincm fragments, and ligated into the unique Wndm site of 
pVictorlVGNG. 



The plasmid conuming fte ncgB coding region, i„,„ which .he IV2 in.ron had been spliced 
^ wh,ch is ligated into a CaMV 35S expression cassene, was nan,ed .enned pV.aor IV 
GNG E35S nagB TV2 (see Figure 10). 

The plasndd confining d,e nagB coding region. i„,o which the Wl incron had been spBced 
and wh.ch is Ugated in,o a rubisco s™^ subuni. promo.er/nopaline synthase expression 
cassette, was termed pVictor IV GNG ibc mgB IV2 (see Figure 11). 
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The plasmid formed, which contains the unmodified nagB coding region within a CaMV 35S 
expression cassette, was termed pViaor IV GNG E35S nagB (see Figure 12). 

TOXICITV STUDTFS 
Dose-response curve 



In order to estabUsh the toxicity of glucosamine to guar explants, a dose-response curve with 
glucosamine concentrations ranging from 0 to 5.0 g/1 was made using non-transgenic guar 
10 cotyledons as explants. The effect on shoot formation on the explants was used to determine 
the toxicity of glucosamine (Figure 20). 

The guar explants were obtained as follows. Guar seeds were sterilized in a 2.5% sodium 
hypochlorite solution at pH 7.0 added two drops of Tween 80 pr 100 ml solution. The seeds 
were stirred for 25 minutes in this solution and then washed five times with sterile water. Seeds 
were sown on germination medium (4.43 g/1 MSMO (Sigma M6899), 20 g/1 sucrose, 8.0 g/1 
agar, pH adjusted to 5.8 with KOH) and placed at 25°C for 1 1-13 days at a 12h/12h day/night 
regime. 



were 



20 The cotyledons including about 2 mm of hypocotyl were excised from the seedlings and 

used as explants for this experiment as well as for transformation experiments. The cotyledons 
were placed on selection medium containing various concentrations of gl 



lucosamine. 



Selection medium: 
25 3.2 g/l Gamborg B5 (Sigma G5893) 

20 g/1 sucrose 

1 .0 mg/1 benzylaminopurine 

0.05 mg/1 gibberellic acid (GA3) 

1 .0 fiM silver thiosulphate 
30 l.Omg/lNiCb, 6H2O 

0.5 mg/1 2-(p-chlorophenoxy)-2-methylpropionic acid 
30 mg/1 cefotaxime 
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30 mg/1 sulbactam (Betamaze) 

0 - 5 g/1 D-glucosamine, HCl (according to the experiment) 



pH5.7 



. After .i^e weeks. percentage of exp,a« fo™„g shoe. o„ fte v^ous giucosa™. 
conaimng media were detennmed and U,e result are given i„ Figu« 20. 

Factors .(reeling the toiicily of glucosamine 



In order .o be able ,o find appropHate selection conditions, sotne factors affecting the toxicity 

ot glucosamine were studied. 

Initially, sucrose was tested a. various concentrations (5^0 g.) i„ the selection n,ediu. The 
results, whtch are shown in Fi^e 21, show that higher concentrations of sucrose reduce the 
.OMC effect of glucosan^e for the plant ce«s being investigated. is expeaed that other 
sacchandes .ch glucose, l^aose, .altose, n^se etc ™y ,so affect the effect of 
glucosamine. 



20 



the effect of the concentration of the G^borg B5 salts ^ the selection .ediu. was 
tested . the presence of ^ucosanune (3.0 g.). We investigated the use of these s^ts with a 
view to decreasing the carbon content of the medium. 

The results are as follows: 



25 



Gamborg B5 salts in 
selection medium (g/1) 

U 



Shoot formation on 
guar explants (%) 
17.4 
TT 
6J 



It is to be noted that a 50% reduction of the Gambore B5 salt, in th. . . ^• 
..f. ^ ^ salts m the selection medium had no 

s.gmficant effect on shoot formation in the absence of glucosamine. 
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Hence, it is possible to vary selection medium to affea the eflfect of glucosamine and hence, the 
outcome of transfomiation experiments using glucosamine selection. 

TRANSFORMATION STUDIES 

5 

The following example demonstrates that the E coli nagB gene can be used as a means to 
provide selection of transformed cells, such as transgenic guar {Cyamopsis tetragonoloba) 
shoots, on or in media containing glucosamine as selective agent. 

10 TRANSGENIC GUAR PLANTS 

Transformation of guar cotyledonary explants was performed according to Joersbo and Okkels 
(PCT/DK95/0022I) using Agrobacterium tumefaciem LBA4404 harbouring the plasmid 
shown in Figure 10. 

15 

Selection of transgenic shoots was accomplished using the above-mentioned selection medium 
with various concentrations of glucosamine, sucrose and Gamborg B5 salts. After four weeks 
the shoots were harvested and all explants were transferred to fresh selection medium (same 
composition) and after another four weeks of selection the last shoots were harvested. 

20 

After harvest, the shoots were analysed for P-giucuronidase (GUS) activity using the 
histochemicai assay (JeflFerson et al, 1987, EMBO J 6: 3901-3907). The number of GUS- 
positive shoots are given in the table below. 









No of 


Sucrose 


Glucosamine 


B5-salts 


GUS-positive 


(g/i) 


m 


(g/1) 


shoots 


10 


2.5 


3.2 


2 


20- 


2.5 


2.4 


1 


20 


3.0 


2.4 


1 
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Thus, transgenic shoots were obtained, on seleaion media with different contents of 
glucosamine, sucrose and Gamborg B5 salts indicating that the seleaion medium can be varied 
significantly and remain usefiil for the selection of transgenic shoots. 

5 TRANSGENIC POTATO PLANTS 

General teachings on potato transformation may be found in our copending patent applications 
PCT/EP96/03053, PCT/EP96/03052 and PCT/EP94/01082 (the contents of each of which are 
incorporated herein by reference). 



10 



15 



20 



25 



30 



For the present studies, the following protocol was adopted. 
Plasmid construction 

The disarmed Agrobacterium tumefaciem strain LBA 4404, containing the helper vir plasmid 
PRAL4404 (Hoekema et al, 1983 Namre 303 pp 179-180), was cultured on YMB agar 
(K2HPO4.3H2O 660 mg \-\ MgS04 200 mg r', NaCl 100 mg ! mannitol 10 g l ', yeast extraa 
400 mg r', 0.8% w/v agar, pH 7.0) containing 100 mg r' rifampicin and 500 mg T' 
streptomycin sulphate. Transformation with p VICTOR IV GNG E35S mgB IV2 or 
pVICTOR GNG rbc nagB IV2 or pVICTOR P/ GNG E35S nagB was accomplished using 
die freeze-thaw method of Hohers etal{\ 978 Mol Gen Genet 163 1 8 1 - 1 87) and transfomiants 
were selected on YMB agar containing 100 mg 1"' rifampicin and 500 mg i"' streptomycin, and 
50 mg r' gentamycin sulphate. Transformation with a control construa lacking the nagB gene 
was performed in the same manner. 

Transformation of plants 

Shoot cultures of Solanum tuberosum cv Satuma were maintained on LS agar containing 
Murashige Skoog basal salts (Sigma M6899) (Murashige and Skoog, 1965, Physiol Plant 15 
473-497) with 2 nM sUver thiosulphate, and nutrients and vitamins as described by Linsmaier 
and Skoog (1965 Physiol Plant 18 100-127). Cultures were maintained at 25X with a 16h 
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daily photoperiod. After ^proximately 40 days, subculturing was performed during and the 
shoots cut into mononodal segments of approximately 8 mm length. 

Shoot cultures of approximately 40 days maturity (5-6 cm height) were cut into 8 mm 
5 intemodal segments and/or leaves were cut off and wounded by making 2-4 small cuts over the 
midrib of the leaf. These were then placed into liquid LS-medium containing Agrobacterium 
tumefaciens transfonned with p VICTOR IV GNG E35S rmgB IV2 or pVICTOR IV GNG xbc 
nagB IV2 or p VICTOR IV GNG E35S nagB (A^ = 0.5, pathlength 1 cm). FoUowing 
incubation at room temperature for 30 minutes, the segments were dried by blotting on to 

10 sterile filter paper and transferred to LS agar (0.8% w/v containing 2 mg 2,4-D and 500 |ig 1" 
^ trans-zeatin. The explants were covered with filter paper, moistened with LS medium, and 
covered with a cloth for three days at 25''C. Following this treatment, the segments can be 
washed with liquid LS medium containing 800 mg 1"^ carbenicillin, and then transferred on to 
LS agar (0.8% w/v) containing 1 mg trans-zeatin, 100 mg gibberellic acid (GA3), with 

15 sucrose (eg 7.5 g 1"^). This agar can optionally contain glucosamine (eg 2.5 g 1'^). 

The segments were sub-cultured to fi-esh substrate each 3-4 weeks. In 3 to 4 weeks, shoots 
develop fi-om the segments and the formation of new shoots continued for 3-4 months. 

The regenerated shoots are maintained on substrate composed of LS-substrate, 0.002 mM STS 
20 (Silthiosulfat) and agar (8 g/1). Carbenicillin (800 mg/I) can be added if desired. 

The transgenic plants may be verified by performing a GUS assay on the co-introduced P- 
glucuronidase gene according to Hodal, L, et ai (PI. Sci. (1992), 87: 1 1 5-122). 

25 Alternatively, the transgenic genotype of the regenerated shoot may be verified by performing 
NPTn assays (Radke, S. E, et al, Theor. Appl. Genet. (1988), 75: 685-694) or by performing 
PCR analysis according to Wang etal {\99'i, NAR 21 pp 4153-4154). 

The shoots (height approximately 2-3 cms) were transplanted fi^om rooting substrate to soil and 
30 placed in a growth chamber (2 rc, 1 6 hour light 200-400uE/m^/sec). 
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When the plants were well established they were transferred to the greenhouse, where they 
were grown until tubers had developed and the upper part of the plants were senescing. 

Harvesting 

5 

The potatoes were harvested after about 3-6 months and then analysed. 

The transformed shoots can be distinguished from the non-transformed shoots by adding 
glucosamine to their substrate. After harvest of the shoots, the transformed shoots can be 
10 selected by adding high amounts of glucosamine to the shoot medium. The transformed shoots 
will have the ability to use glucosamine and will survive. 

Analvsis of Transformants 

15 In order to confirm the integration of nagB, genomdc DNA may be isolated by the method of 
Dellaporta et al (1983 Plant Mol Biol Rep 1 19-21) and samples of this DNA, digested with 
EcoRL, subjected to electrophoresis in an 0.8% w/v agarose gel and transferred to Hybond N+ 
membranes (Amersham) by Southern blotting (Southern, 1975 J Mol Biol 98 503-517). 
Probes for the coding region of nagB may be used as templates for random primed synthesis of 

20 ^^P-labelled probe after the method of Feinberg and Vogelstein (1983 Anal Bioch 137 266-267) 
and hybridised to the Southern blots at high stringency (65^C, 0. 1 x SSC). 



25 



30 
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Th. results using „edia comprising 7.5 g/I of sucrose are shown in ,he following Tables. 




Glucosamine (g/I) 



Number of 
transformed areas 
per explant 




Number of 
transgenic shoots 



Transformation 
frequency (number 
transgenic 
shoots/started 
explants) 



In addidon. subsequent studies showed that transfonned potatoes may be exposed to a 
medmm comprising glucosamine so as to ensure .he selection thereof 
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The results also show that in some instances lowering the content of NH4NO3 makes the 
glucosamine less toxic. However, when lowering the concemration of NH4NO3 the 
efficiency of the inserted genes in terms of transformation events goes up. 

5 TRANSGENIC MAIZE PLANTS 

Introduction 

Since the first pubUcation of produaion of transgenic plants in 1983 (Leemans, 1993 
10 Biotechnology II sll), there have been numerous publications of production of transgenic 
plants including especially dicotyledon crop plants. 

Until very recently there were very few reports on successful production of transgenic 
monocotyledononaty crop plants. This relatively slow development within monocots were due 

15 to two causes. Firstly, untU the early 1980s, efficient regeneration of plants fi-om culmred cells 
and tissues of monocots had proven very difficult. This problem was ultimately solved by the 
culture of explants from immature and embryogenic tissue, which retain their morphogenic 
potential on nutrient media containing plant growth regulators. Secondly, the monocots are not 
a natural host for Agrobacterium tumefaciens, meaning that the successful developed 

20 techniques within the dicots using their natural veaor Agrohactenum tumefaciens was 
unsuccessful for many years in the monocots. 

Nevertheless, it is now possible to successfuUy transformation and produce fertile transgenic 
plants of maize using methods such as: (1) SUicon Carbide Whiskers; (2) Particle 
25 Bombardment; (3) DNA Uptake by PEG treated protoplast; or (4) DNA Uptake in 
Electroporation of Tissue. Each of these methods - which are reviewed by Thompson (1995 
Euphtytica 85 pp 75-80) - may be used to prepare inter alia transgenic maize according to the 
present invention, 

30 In particular, the particle Gun method has been successfully used for the transfonnation of 
monocots. However, EP-A-0604662 reports on a different method of transforming 
monocotyledons. The method comprises transfomiing cultured tissues of a monocotyledon 
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under or after dedifferentiation with Agrobacterium containing a super binary vector as a 
selection means a hygromycin-resistant gene was used. Production of transgenic calli and plant 
was demonstrated using the hygromycin selection. This method may be used to prepare inter 
alia transgenic maize according to the present invention. 

5 

Subsequent to the method of EP-A-0604662. EP-A-0672752 reports on non-dediflferentiated 
immature embryos. In this regard, both hygromycin-resistance and PPT-resistance genes were 
used as the selection means, with PPT giving rise to 10% or more independent transformed 
plants. This method may be used to prepare inter alia transgenic maize according to the 
10 present invention. 

To date, it would appear that transgenic maize plants can be successfully produced from easily- 
culturable varieties - such as the inbred Une A188. In this regard, see the teachings of Ishida et 
al (1996 Nature Biotechnology 14 pp 745-750). The method disclosed by these workers may 
1 3 be used to prepare inter alia transgenic maize according to the present invention. 

Vasil (1996 Nature Biotechnology 14 pp 702-703) presents a further review article on 
transformation of maize. 



20 Even though it is possible to prepare transfonned maize by use o^ for example, particle Gun 
mediated transfonnation, for the present smdies the foUowing protocol is adopted. 



25 



30 



Plasmid construction 



The disanned Agrobacterium tumefaciens strain LEA 4404, containing the helper v/r plasmid 
PRAL4404 (Hoekema et al, 1983 Nature 303 pp 179-180), was cultured on YMB agar 
(K2HPO4.3H2O 660 mg r', MgS04 200 mg \\ NaCl 100 mg r', mannitol 10 g r", yeast extract 
400 mg \\ 0.8% w/v agar, pH 7.0) containing 100 mg l"' rifampicin and 500 mg 
streptomycin -sulphate. Transfonnation with pVICTOR IV GNG E35S nagB IV2 or 
pVICTOR IV GNG rbc nagB IV2 or pVICTOR IV GNG E35S nagB was accomplished using 
the freeze-thaw method ofHolterse/a/(1978MoI Gen Genet 163 181-187) and transfonnants 
were selected on YMB agar containing 100 mg 1"' rifampicin and 500 mg r' streptomycin, and 
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50 mg 1- gentamycin sulphate. Transfon^ation with a control construct lacku^g the nagB gene 
was performed in the same manner. 

Isolation and cocultivation ofexplants 

5 

Immature embo'os o? for example, maize line A188 of the size between 1.5 to 2 5 mm were 
isolated and cocultivated with Agrobacteriun, tumefaciens str^ LBA 4404 in N6-AS for 2 3 
days at 25X under iUumination. Thereafter, the embryos were washed with sterilized water 
contai^g 250 mg. of cefota^me and t^sferred to an LS medium and 250 mg. cefotaxime 
10 and glucosamine in concentrations of up to 100 mg. (the medium is hereafter called LSS 1). 

Conditions for the selection of transgenic plants 

The explants were cultured for three weeks on LSSl medium and then transferred to an LS 
15 medrum containing glucosamine and cefotaxime. After three weeks on this medium green 
shoots were isolated and tested for Gus activity. 

Rooting of Gus positive shoots 

20 Gus posWve shoots were Werred ,c an MS m«iiu„, «„.aining 2 mg/, for roo,hg. After 
four weeks on .his mediun^ pla„,le« are .ransfe^ed .o po,s ™h s,e,Ue soil for accUmatisation. 



25 
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DISCUSSION 

In these studies the coding region of the gene coding for the enzyme glucosaniine-6-phosphate 
deaminase has been cloned and inserted into a plant expression cassette. This gene provides a 
5 usefiil selection means for plant transformation, wherein the selection means is capable of 
enabling the selection of a transformed cell over a non-transformed cell. In this regard, 
expression of this en2yme in plants relieves inhibition of metabolism by exogenously supplied 
glucosamine, which can advantageously serve as both a carbohydrate and nitrogen source for 
the transformed cells. The glucosamine can even used as a supplement for decreased levels of 

10 sucrose and ammonium salts in the tissue culture medium. At present, it is believed that the 
selection system has the added benefit of being self-regulated. As well as acting as a substrate 
for hexokinase, the glucosamine rapidly saturates the pathway leading to glycoprotein 
synthesis, with a consequent build up of N-acetyl glucosamine 6-phosphate. This in turn 
activates the glucosamtne-6-phosphate deaminase, the activity of which will drop when 

15 exogenous supply of glucosamine is removed. 

Thus, glucosamine 6-phosphate deaminase provides a useful alternative selection means to 
those that are currently available, particularly as it can be supplied as a source of nitrogen, 
which is much more limiting to plant growth than carbon alone. 

20 

In addition, glucosamine 6-phosphate deaminase provides a further useful alternative selection 
means to those that are currently available as it can be supplied as a source of nitrogen and 
carbon. 

25 As an aside, we have found that for some plant cells there is an interaction between the levels of 
sucrose and glucosamine. In this regard, our preliminary findings suggest that for some plant 
cells as the concentration of sucrose decreases so the glucosamine becomes even more toxic for 
non-transformed plants. This would mean that the ingredients of the medium could be chosen 
to provide even more advantageous selection conditions for the transformed cells and plants. 



BNSDOCID: <WO .__.9835047A1 J.> 



SUBSTITUTE SHEET (RULE 26) 



wo 98/35047 



69 



PCT/GB98/00367 



SUMMARY 

The present invention therefore relates to a selection method for selecting from a population of 
cells one or more selectable genetically transformed cells - as well as construas, veaor, 
5 plasmids, cells and organisms for use in that method, in addition to constructs, vector, plasmids, 
cells and organisms prepared by use of such a method. In the method, the population of cells 
comprises selectable genetically transformed cells and possible non-transformed cells. Each of 
the selectable genetically transformed cells comprises a first expressable nucleotide sequence 
and optionally a second expressable nucleotide sequence. In the method, a component or a 

10 metabolic derivative thereof when present in a low concentration in a medium is a nutrient for 
both the selectable genetically transformed cells and the non-transformed cells. In the method; 
the component or the metabolic derivative thereof when present in a high concentration in a 
medium is toxic to the non-transformed cells but not the selectable genetically transfonmed 
cells. The first nucleotide sequence codes for a gene produa capable of convening the 

15 component or the metabolic derivative thereof when present in a high concentration in a 
medium to a nutrient for the selectable genetically transformed cells. The method comprises 
the step of introducing the population of cells to a medium comprising a high concentration of 
the component or the metabolic derivative thereof In the method, the component or the 
metabolic derivative thereof is a source of both carbohydrate and nitrogen for the selectable 

20 genetically transformed cells. Alternatively, in the method if a portion of the component serves 
as a metabolic substrate and is metabolically converted to a derivatised substrate, then that 
derivatised substrate is capable of providing an allosteric effect on the gene product. 

Other modifications of the present invention will be apparent to those skilled in the art. 
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1. A selection method for selecting from a population of ceUs one or more selectable 
genetically transformed cells, 

5 

Wherein the population of ceUs comprises selectable genetically transformed cells and 
possible non-trajisformed cells; 

Wherein each of *e selecuble genetically .ransfcnned ceUs compri^s a firs, 
10 expressable nucleotide sequence and optionally a second expressable nucleotide sec,uenc=; 

wherein a component or a metabolic dedvative thereof when pre^nt m a l„„ 
concemration in a medium is a nutdent for both the selectable genetically transformed cells and 

the non-transformed cells; 

15 

wherein the component or the metabolic derivative thereof when present in a high 
concentration m a medium is toxic to the non-transformed cells; 

wherein the first nucleotide sequence codes for a gene product capable of converting 
the component or the metaboUc derivative thereof when present in a concentration m a 
medium to a nutrient for the selectable geneticaUy transformed cells; 



the method comprising the step of introducing the population of cells to 



a medium, 



25 



30 



wherein the medium optionally comprises a high concentration of the component or the 
metabohc derivative thereof; and 

either wherein the component or the metaboHc derivative thereof is a source of both 
carbohydrate and nitrogen for the selectable genetically transformed ceUs- 
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or wherein if a portion of the component serves as a metabolic substrate and is 
metabolicaliy converted to a derivatised substrate, then that derivatised substrate is capable of 
providing an allosteric eflFect on the gene product, 

5 2. A composition comprising a population of cells comprising selectable genetically 
transformed cells and possible non-transformed cells; and a medium; 

wherein each of the selectable genetically transformed cells comprises a first 
expressable nucleotide sequence and optionally a second expressable nucleotide sequence; 

10 

wherein a component or a metabolic derivative thereof when present in a low 
concentration in a medium is a nutrient for both the selectable genetically transformed cells and 
the non-transformed cells; 

15 wherein the component or the metabolic derivative thereof when present in a high 

concentration in a medium is toxic to the non-transformed cells; 

wherein the first nucleotide sequence codes for a gene product capable of converting 
the component or the metabolic derivative thereof when present in a high concentration in a 
20 medium to a nutrient for the selectable genetically transformed cells; 

the medium optionally comprising a high concentration of the component or the 
metabolic derivative thereof; and 

25 either wherein the component or the metabolic derivative thereof is a source of both 

carbohydrate and nitrogen for the selectable genetically transformed cells; 

or wherein if a portion of the component serves as a metabolic substrate and is 
metabolicallyxonverted to a derivatised substrate, then that derivatised substrate is capable of 
30 providing an allosteric effea on the gene product. 
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3. A population of cells comprising selectable genetically transfonned cells and possible 
non-transformed cells; 

wherein each of the selectable genetically transfonned cells comprises a first 
5 expressable nucleotide sequence and optionally a second expressable nucleotide sequence; 

wherein a component or a metaboUc derivative thereof when present in a low 
concentration in a medium is a nutrient for both the selectable genetically transfo^ed ceUs and 
the non-transformed cells; 



10 



wherein the component or the metabolic derivative thereof when present in a hieh 
concentration in a medium is toxic to the non-transformed cells; 

wherein the first nucleotide sequence codes for a gene product capable of converting 
the component or the metaboUc derivative thereof when present in a Wgh concentration . a 
medium to a nutrient for the selectable genetically transformed cells; and 

either wherein the component or the metabolic derivative thereof is a source of both 
carbohydrate and nitrogen for the selectable genetically transformed cells 

20 

or wherein if a porton of ,he componen. «,ves a» a meubolic sub^rate and is 
meubCcally convened .o a derivadsed substrate, then tha, derivadsed substrate is capable of 
providing an aUosteric effect on the gene produa. 



25 4. 



A seleaable genetically transfonned cell compHsing a first expressable nucleotide 
sequence and optionally a second expressable nucleotide sequence; 

wherein a component or a metabolic derivative thereof when present in a low 
concentiauon in a medium U a nutrient for the selectable genetically transformed ceL and a non- 

30 transformed cell; 
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wherein the component or the metabolic derivative thereof when present in a high 
concentration in a medium is toxic to a non-transformed cell; 

wherein the first nucleotide sequence codes for a gene product capable of converting 
5 the component or the metabolic derivative thereof when present in a high concentration in a 
medium to a nutrient for the selectable genetically transformed cell; and 

either wherein the component or the metabolic derivative thereof is a source of both 
carbohydrate and nitrogen for the selectable genetically transformed cell; 
10 or wherein if a portion of the component serves as a metabolic substrate and is 

metabolically converted to a derivatised substrate, then that derivatised substrate is capable of 
providing an allosteric eflfect on the gene product. 

5. A construct for genetically transforming a non-transformed cell to produce a selectable 
1 5 genetically transformed cell; 

the construct comprising a first expressable nucleotide sequence and optionally a 
second expressable nucleotide sequence; 

20 wherein a component or a metabolic derivative thereof when present in a low 

concentration in a medium is a nutrient for the selectable genetically transformed cell and a non- 
transformed cell; 

wherein the component or the metabolic derivative thereof when present in a high 
25 concentration in a medium is toxic to a non-transformed cell; 

wherein the first nucleotide sequence codes for a gene product capable of converting 
the component or the metabolic derivative thereof when present in a high concentration in a 
medium to a nutrient for the selectable genetically transformed cell; and 

30 

either wherein the component or the metabolic derivative thereof is a source of both 
carbohydrate and nitrogen for the selectable genetically transformed cell; 
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or wherein if a ponion of tl,e component senses as a metabolic substrate and is 
metaboUcally converted to a derivatised substrate, then that derivatised substrate .s capable of 
providing an allosteric effect on the gene product. 

5 6. A vector comprising a construa for genetically transforming a non-transfonned cell to 
produce a seleaable genetically transformed ceU; 

the construa comprising a first expressable nucleotide sequence and optionally a 
second expressable nucleotide sequence; . ' 



10 



wherein a component or a metaboUc derivative thereof when present in a low 
concentration in a medium is a nutrient for the seleaable genetically transformed ceU and a non- 



transformed cell; 

15 Wherein the component or the metabolic derivative thereof when present in a high 

concentration in a medium is toxic to a non-transformed ceU; 

wherein the first nucleotide sequence codes for a gene produa capable of converting 
the component or the metaboHc derivative thereof when present in a high concentration in a 
20 medium to a nutrient for the seleaable genetically transformed ceU; and 

either wherein the component or the metabolic derivative thereof is a source of both 
caitohydrate and nitrogen for the seleOable genetically transformed cell; 

or wherein if a portion of the component serves as a metabolic substrate and is 
metabolic^y converted to a derivatised substrate, then that derivatised substrate is capable of 
providing an allosteric effea on the gene produa. 

7. A plasmid comprising a construa for genetically transforming a non-transformed ceU to 
30 produce a seleaable genetically transformed cell; 
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the cx)nstrua comprising a first expressable nucleotide sequence and optionally a 
second expressable nucleotide sequence; 

wherein a component or a metabolic derivative thereof when present in a low 
5 concentration in a medium is a nutrient for the selectable genetically transformed cell and a non- 
transformed cell; 

wherein the component or the metabolic derivative thereof when present in a high 
concentration in a medium is toxic to a non-transformed cell; 

10 

wherein the first nucleotide sequence codes for a gene product capable of converting 
the component or the metabolic derivative thereof when present in a high concentration in a 
medium to a nutrient for the selectable genetically transformed cell; and 

either wherein the component or the metabolic derivative thereof is a source of both 
15 carbohydrate and nitrogen for the selectable genetically transformed cell; 

or wherein if a portion of the component serves as a metabolic substrate and is 
metabolically converted to a derivatised substrate, then that derivatised substrate is capable of 
providing an allosteric effect on the gene product. 

20 

8. An organism comprising a selectable genetically transfonmed cell; 

wherein the selectable genetically transformed cell comprises a first expressable 
nucleotide sequence and optionally a second expressable nucleotide sequence; 

25 

wherein a component or a metabolic derivative thereof when present in a low 
concentration in a medium is a nutrient for the selectable genetically transformed cell and a non- 
transformed cell; 

30 wherein the component or the metabolic derivative thereof when present in a high 

concentration in a medium is toxic to a non-transformed cell; 
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wherein the first nucleotide sequence codes for a gene product capable of converting 
the component or the metabolic derivative thereof when present in a high concentration in a 
medium to a nutrient for the selectable genetically transformed ceU; and 

5 either wherein the component or the metabolic derivative thereof is a source of both 

carbohydrate and nitrogen for the selectable genetically transformed cell; 

or wherein if a portion of the component serves as a metabolic substrate and is 
metaboUcaUy converted to a derivatised substrate, then that derivatised substrate is capable of 
10 providing an aJlosteric effect on the gene product. 

9. A kit comprising a construct (such as when contained within or on a vector or in a 
plasmid) for genetically transforming a non-transformed cell to produce a selectable genetically 
transformed cell; and a medium* 



15 



the construct comprising a first expressabie nucleotide sequence and optionally a 
second expressabie nucleotide sequence; 

wherein a component or a metabolic derivative thereof when present m a low 
20 concentration in a medium is a nutrient for the selectable genetically transformed cell and a non- 
transformed ceil; 



wherein the component or the metabolic derivative thereof when present in a high 
concentration in a medium is toxic to a non-transformed cell; 



25 



30 



Wherein the first nucleotide sequence codes for a gene product capable of converting 
the component or the metabolic derivative thereof when present b a high concentration in I 
medium to a nutrient for the selectable genetically transformed ceU; 

the medium optionally comprising a high concentration of the component or the 
metabolic derivative thereof; and 
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either wherein the component or the metabolic derivative thereof is a source of both 
carbohydrate and nitrogen for the selectable genetically transformed cell; 

or wherein if a portion of the component serves as a metabolic substrate and is 
metabolically converted to a derivatised substrate, then that derivatised substrate is capable of 
providing an allosteric effect on the gene product. 

10. The invention according to any one of the preceding claims wherein the component or 
the metabolic derivative thereof is a source of both carbohydrate and nitrogen for the selectable 
genetically transformed cell(s); and wherein if a portion of the component serves as a metabolic 
substrate and is metabolically converted to a derivatised substrate, then that derivatised 
substrate is capable of providing an allosteric effect on the gene product. 

1 1 . The invention according to any one of the preceding claims wherein the component is 
capable of furnishing to the selectable genetically transformed cell(s) a source of both 
carbohydrate and nitrogen. 

12. The invention according to any one of the preceding claims wherein the component 
comprises an amine group, preferably wherein the component is glucosamine. 

13. The invention according to any one of the preceding claims wherein the metabolic 
derivative of the component that is toxic to the non-transformed cells comprises an amine 
group and/or a phosphate group, preferably wherein the metabolic derivative is glucosamine-6- 
phosphate. 

14. The invention according to any one of the preceding claims wherein the derivatised 
substrate comprises an amine group and/or a phosphate group, preferably wherein the 
derivatised substrate is N-acetyl-glucosamine-6-phosphate. 

15. The invention according to any one of the preceding claims wherein the j&rst nucleotide 
sequence comprises an intron. 
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16. The invenuon according to any one of the preceding claims wherein the gene product is 
an enzyme. 



17. The invention according to any one of the preceding claims wherein the enzyme is 
capable of modifying a glycoprotein precursor, preferably wherein the enzyme is capable of de- 
aminating a glycoprotein precursor, preferably wherein the enzyme is glucosamine-6-phosphate 
deaminase. 



18. The invention according to any one of the preceding claims wherein the enzyme is 

10 glucosamine-6-phosphate deaminase obtainable from a micro-organisms, preferably from 

bactenum, preferably wherein the enzyme is glucosamine-6.phosphate deaminase obtainable 
from£. Coli. 

19. The invention according to any one of the preceding claims wherein the enzyme 
15 glucosamme-6-phosphate deaminase has the amino acid sequence shown as SEQ ID No. 3 or is 

a variant, homologue or fragment thereof 



20. The mvention according to any one of the preceding claims wherein the enzyme 
glucosamine-6-phosphate deaminase is encoded by either the nucleotide sequence shown as 

20 SEQ ID No. 1 or a variant, homologue or fragment thereof or a sequence that is 
complementary thereto, or the nucleotide sequence shown as SEQ ID No. 2 or a variant 
homologue or fragment thereof or a sequence that is complementary thereto. 

21. The mvention according to any one of the preceding claims wherein the glucosamine-6- 
25 phosphate deaminase or the gene encoding same is obtainable from NCIMB 40852 or NCIMB 

40853 or NCIMB 40854. 

22. The invention according to any one of the preceding claims wherein the selectable 
genetically transformed cell/cells is/are in vttro within a culture. 

30 

23. The invention according to any one of the preceding claims wherein the selectable 
geneticaUy transfomied cell/cells is/are in vivo within an organism. 
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24. The invention according to any one of the preceding claims wherein the selectable 
genetically transformed cell/cells is/are selectable genetically transformed plant cell/cells. 

25. The invention according to any one of the preceding claims wherein the second 
5 nucleotide sequence is present and wherein the second nucleotide sequence codes for a 

nucleotide sequence of interest. 

26. A plant prepared from or comprising the invention according to any one of the 
preceding claims, preferably wherein the plant is capable of providing a foodstuff to humans or 

10 animals. 

27. A plant according to claim 26 wherein the plant is any one of guar, potato or maize. 

28. A plant comprising a heterologous enzyme, wherein the heterologous enzyme is 
15 glucosamine-6-phosphate deaminase. 

29. A plant according to claim 28 wherein the enzyme is glucosamine-6-phosphate 
deaminase obtainable from a bacterium, preferably wherein the enzyme is glucosamine-6- 
phosphate deaminase obtainable from E. Coli, 

20 

30. A plant according to claim 28 or claim 29 wherein the enzyme glucosaniine-6- 
phosphate deaminase has the amino acid sequence shown as SEQ ID No. 3 or is a variant, 
homologue or fragment thereof 

25 31. A plant according to any one of claims 28 to 30 wherein the enzyme glucosamine-6- 
phosphate deaminase is encoded by either the nucleotide sequence shov^ as SEQ ID No. 1 or 
a variant, homologue or fragment thereof or a sequence that is complementary thereto, or the 
nucleotide sequence shown as SEQ ID No. 2 or a variant, homologue or fragment thereof or a 
sequence that is complementary thereto. 

30 
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32. A plant according to any one of claims 28 to 3 1 wherein the emym. giucosamme-6- 
Phosphate deaminase or gene encoding same is obtainable from NCIMB 40852 or NCIMB 
40853 or NCIMB 40854. 



5 33. 



A foodstuff or food prepared from or comprising the invention according to any one of 
the preceding claims. 

34. Use of glucosamine-6-phosphate deaminase as a seleaion means for selecting a 
genetically transformed cell over a non-transfoniied cell. 

35. Use of a gene coding for glucosamine-6-phosphate deaminase for providing a selection 
means for selecting a genetically transformed cell over a non-transfomied cell 

36. A gene for providing a selection means for seleaing a genetically transfonned cell over 
a non-transfom.ed ceU; wherein the gene is obtainable from NCIMB 40852 or NCIMB 40853 
or NCIMB 40854. 



37. Use of a gene obuunable from NCIMB 40852 or NCIMB 40853 or NCIMB 40854 for 

provdmg a selection means for seleaing a geneUcally transformed ceU over no„-,ransfonned 

20 cell. 



8. A process of inactivating a gene or gene produa that is potemially detrimental to a 
P^kao^te when p^„, „ ^ p,„^„„ ^ ^^^^ ^ 

Aereby tnactivating the gene or the gene ptodua vis.<,-v^s the prokar^ote. 

39. A process according to claim 38 wherein the a, least one intron is inserted into a 
conserved region of the gene. 

40. A prol^yote comprising a gene that would have been potentially detrimental to a 
prol^ote When present in the prokaryote. but wherein the gene comprises a. leas, one intron 
which macnvates the gene or the product thereof in the prokatyote. 
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41. A prokaryote according to claim 40 wherein the at least one intron is inserted into a 
conserved region of the gene. 

42- NCIMB 40852 or NCIMB 40853 or NCIMB 40854. 

5 

43. A nucleotide sequence shown as SEQ ID No. 2 or a variant, homologue or fragment 
thereof or a sequence that is complementary thereto. 

44. A construct comprising or expressing fhe nucleotide sequence according to claim 43 . 

10 

45. A vector comprising or expressing the invention of claim 43 or claim 44^ 

46. A plasmid comprising or expressing the invention of any one of claims 43 to 45. 

15 47. A transgenic organism (or organ or tissue or cell thereof) comprising or expressing the 
invention according to any one of claims 43 to 46. 

48. A transgenic organism according to claim 47 wherein the organism is a plant. 

20 49. A selection method or sequence or transgenic organism (or part thereof) substantially 
as described herein. 
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A. 

B. GTC.ACC.TTC.AAC.ATG. 

C. VALVALTHRPHEASNMET 

D. GTCACCTTCAACATGGTAAGT 



Splice site 



1 



J^GGTANGT mNNTTTTTITTTTnIaGG 



gac.gaa. 
aspglut 



TTTGTTGATGTGCAGGACGAAi 



A Concensus sequence for plant introns 
b' DNA sequence of nagB coding region, 
c" Amino acid sequence of nagB coding region. 
DNA sequence of splice sites of 1V2 intron >n nago 



Fig . 6 



•.cn.^rin wo a835047Al .!.> 



SUBSTITUTE SHEET (RULE 26) 



wo 98/35047 



PCT/GB98/00367 



7/28 



\ / ^ / ^ ////// X 



nagB upstream 
nagB downstream 

IV2 intron 

uidA downstream 

uidA upstream 





E!3 



^^^^^^^ ^^^^ 



^^^^^^ |v::::Xv!:::::.:.:l:::-:.o:-X::::x : :::::::-:,::::::::::::: : : :| 



FIG. 7 



CID:<WO 9e35047A1 I > 



SUBSTITUTE SHEET (RULE 26) 



wo 98/35047 



'PCT/GB98/00367 



8/28 




Figure 8 



SUBSTITUTE SHEET (RULE 26) 



wo 98/35047 



PCT/GB98/00367 



9/28 




Figure 9 



<WO 983504 7A1_I_> 



SUBSTITUTE SHEET (RULE 26) 



wo 98/35047 



PCT/GB98/00367 



10/28 



■Jlight Border 




Figure 10 



BNSDOCIO- <WO nB3S047Al ( 



SUBSTITUTE SHEET (RULE 26) 



wo 98/35047 



PCT/GB98/00367 



11/28 



jRight Border 




Sad Sail 



Figure 11 



OCID: <WO 9835047AVI.> 



SUBSTITUTE SHEET (RULE 26) 



wo 98/35047 



PCT/GB98/00367 



12/28 



Right Border 

t 

f 




Figure 12 



SUBSTITUTE SHEET (RULE 26) 



wo 98/35047 



PCT/GB98/00367 



13/28 




...Fig. 13 



SUBSTITUTE SHEET (RULE 26) 



wo 98/35047 



PCT/GB98/00367 




14/2S 




Fig. 14 
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Fig. 15 
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Fig. 16 
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Fig. 19 
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Figure 22 
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Fig. 25 
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5Z0 TP MO 1 



CO.TCTi:L^^AC.----C.-J^.CATGAC-ACTGATCCCCCTGACTACCGCTG.-^^^ 

CTGCTCGCCATATCGTCAA.TCGTATC.^^ATGCGTTCAA.^.CCGACTGCCGATCGTCCG-^--'- 
ACTGGGCGTGGCGAGTGGGGGCACGCCGATGACCACCTATAAA.GCGTTAGTCG.::^--A .TGC - - 
i^-^_AGGAGGCCAGGTCAGG7TTJiA.GCACGTTGTCACCTTCAA.GATGGACG>ATATG7CG^ 
TGGCG.-JiJi r,AGC ATCCGGAJiJi.GCTACTACAGCTTTATGGACCGTA.AT "C - Cr.-^ 

TGATATTCCAGCAGAAAArATC.^ACCTTCTCAACGGCiiJ^-CGCCCCGGATATCGACGCCG-- 
TGCCGCCAGTATGA.ir'.iJiJiJiJiJi.TCCGTTCTTACGGA.:i„:i-^J\TT^ 

TAGGTAArGACGGTCATATTGCATTT.-Ji.CG.^iJi.CCC-GCGTCTTCTCTGGCTTC'T^CG'^-''^^'-^- 
TATC.-JiJiArCCTGACTCATGACACTCwCGTCGCiiJ^Ji.CTCTCGTTTCTTTGA'r:^ r^C^- - -G 
.-ATC AGGTGCC.::^AJiJ^.T ATGCCCTGACTGTCGGTGTTGGT AC ACTGCTGG ATGCCG - - G 
TGATGATTCTGGTGCTGGGTAGCCAG AAJ^.GCACTGGCGCTGCAGGCCGCCGTTG - - GG'--' 

G ATG-:^-^-CCTTCC ACC ATGGAGCTG i-^J^.GTTAA.GACTTTAJ\G ATATTTC.A^^^^ " ^ G - 
CAG.^J^AJ^.TATC.-AAGGTCTGT.^J^.TTGTTATCCCTGCTCGAG 

SEP ID MO 2 

TGCAGAGATCTAAACAJ\CAJi.CATGAGACTGATCCCCCTGACTACCGCTG.^Ji.CAGG'^C^-GC^ 

P---.TGGGCTGCTCGCCATATCGT-C;^ATCGTATCAATGCGTTC.^JiA.CCGACTGCCGP'^CG'-CC 

GTTTGTACTGGGCCTGCCGACTGGCGGCACGCCGATGACCACCTATAAAGCGTTAGTCG-^A 

ATGCATAAAGCAGGCCAGGTCAGCTTTAJir'CACGTTGTCACCTTCAACATGGTA.A3TTTCT 

GCTTCTACCTTTGATATATATATAi^.TAJiLTTAftATTAJi-TTAGTAGTAATAT.^^J^^ 

AT ATTTTTTTCAJLAATAA.:iAGA.i TGTAGTATATAGC AATTGCTTTTCTGT AGTTT ^ T ^ - g"-^ 

GTGTATATTTTA.a.TTTATAACTTTTCTAJ^TATATGACCAAAATTTGTTGATGTGCAGGACG 

.i-2..TATGTCGGTCTGCCGAAAGAGCATCCGGAAAGCTACTACAGCTTTATGCACCGT.-«:i.TTT 

CTTCGATCACGTTGA.TATTCCAGCAGAAAACATCAJiCCTTCTCAACGGCAJi^.CGCCCCGGAT 

ATCGACGCCGAGTGCCGCCAGTATGAAGAAAAAJVTCCGTTCTTACGGAJiJiJiJi.TTCATCTG 

TTATGGGCGGTGTAGGT.^ACGACGGTCATATTGCATTTAACGAACCGGCGTCTTCTCTGGC 

TTCTCGTACTCGTATC.^JLaji.CCCTGACTCATGACACTCGCGTCGCAJUi.CTCTCGTTTCTTT 

GATAACGATGTTAATCAGGTGCCAAAJi.TATGCCCTGACTGTCGGTGTTGGTACACTGCTGG 

ATGCCGiiJi.GP'J^.GTGATGATTCTGGTGCTGGGTAGCCAGAAJi.GCACTGGCGCTGCAGGCCGC 

CGTTGAAGGTTGCGTGAACCATATGTGGACCATCAGCTGTCTGCAACTGCATCCG----J^.GCG 

ATCATGGTGTGCGATGAACCTTCCACCATGGAGCTGA.^J^GTTAAGACTTTAAGATATTTCA 

ATGAA-TTAGAAGCAGAAJLATATC.^A-AGGTCTGTAATTGTTATCCCTGCTCGAGGCATG 



gHQ ID MQ 3 

^r?XIPLTTA£QVGK7/7AAJlHI^/^IRINA^K?TADRPF^/LGLPTGGTPMTT^^ 
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